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FOREWORD 


Contract  Number  DOT-CG-82504-A  between  the  U.  3.  Coast  Guard  and  The 
Travelers  Research  Center,  Inc.  (TRC)  consists  of  five  parallel  activities.  The  five 
final  reports  stemming  from  these  activities  are  entitled: 

(1)  Applicability  of  National  Data  Buoy  Systems  to  Refined  National  Re¬ 
quirements  for  Marine  Meteorological  and  Oceanographic  Data  (two  volumes). 

(2)  Characteristics  of  National  Data  Buoy  Systems:  Their  Impact  on  Data 
Use  and  Measurement  of  Natural  Phenomena 

(3)  Cost  Effectiveness  Sensitivity  of  National  Data  Buoy  Systems:  An 

— . -Essay 

*  (4)  Computer  Programs  for  National  Data  Buoy  Systems  Simulation  and 

Cost  Models 

(S)  An  Analysis  of  Cruise  Strategies  and  Costs  for  Deployment  of  National 
Data  Buoy  Systems 


Each  of  these  five  reports  is  complete  in  itself,  but  it  must  be  recognized  that  in 
all  instances  the  other  four  activities  both  influenced  and  contributed  to  the  results 
presented  in  each  Individual  report. 

The  present  USCG/TRG  contract  is  an  outgrowth  of  a  study  of  the  feasibility  of 
national  data  buoy  systems  performed  by  TRC  and  Alpine  Geophysical  Associates  for 
the  USCG  during  1967.  Need  was  evident  for  investigation,  research,  and  analysis  in 
greater  depth  in  several  areas  to  support  the  concept  formulation  and  deployment 
planning  efforts  of  the  newly-formed  U.  S.  Coast  Guard  National  Data  Buoy  System 
Designated  Project  Office  (NDBS  DPO).  This  report  and  the  other  four  cited  above 
satisfy  some  of  those  needs. _ _ _ — - t - 

All  five  TRC  reports  have  benefited  from  the  close  cooperation  and  guidance 
afforded  by  the  USCG  NDBS  DPO.  Contributions  have  been  made  by  Capt.  J.  Hodgman 
(Project  Manager),  Cmdr.  V.  Rinehart,  J.  Wesler,  E.  Parker,  and  P.  Merrill,  and 
Lt.  Cmdr.  W.  Merlin  (Contract  Monitor). 

The  authors  wish  to  acknowledge  the  technical  support  and  contributions  provided 
by  Paul  R.  MacDonald  and  Paul  V.  Luty  of  the  TRC  Technical  Staff. 
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SUMMARY,  VOLUME  I 


This  report  documents  the  1968  refinement  of  national  requirements  for  marine 
meteorological  and  oceanographic  data  —  initially  compiled  during  the  1967  Study  of  — 
me  Feasibility  of  National  Data  Buoy  Systems  (NOBS)— and  shows  the  applicability  of 
certain  postulated  NDBS  sensing  characteristics  to  a  subset  of  the  refined  data  require¬ 
ments.  National  data  requirements  to  support  operational  and  research  activities  are 
presented;  they  include  physical,  biological,  chemical,  geological,  and  radiological  . 
parameters  which  are  to  be  measured  throughout  the  world's  oceans  from  the  ocean 
bottom  to  100,  000  feet  in  the  atmosphere.  The  data  requirements  are  projected  from 
the  present  to  as  far  as  15  years  into  the  future.  The  applicability  of  possible  future 
National  Data  Buoy  Systems  (NDBS)  to  1968  refined  national  data  requirements  is 
illustrated  by  the  use,  for  reference  purposes  only,  of  the  potential  sensing  capabilities 
(parameters  and  measurement  characteristics)  of  a  hypothetical  data  buoy  "system". 

The  comprehensiveness  and  accuracy  of  the  1967  statements  of  data  requirements 
were  constrained  by  a  lack  of  requirements  collection  precedence  and  by  the  usual 
difficulties  encountered  in  collecting  environmental  data  requirements  from  a  wide 
variety  of  government  agencies.  The  1967  data  requirements  were  collected  without 
benefit  of  complete  standardization  or  reference  to  the  sensing  characteristics  shown 
to  be  economically  and  technically  feasible  in  the  1967  TRC  study.  The  U.  S.  Coast 
Guard  was  assigned  development  responsibility  for  the  NDBS  in  November  1967.  The 
USCG  National  Data  Buoy  Systems  Designated  Project  Office  (NDBS  DPO)  established 
a  data  requirements  refinement  effort  as  one  activity  of  Contract  DOT-CG-82504-A,  to 
obtain  more  up-to-date,  accurate,  complete,  and  clearly-defined  statements  of  data 
requirements,  suitable  for  the  initial  phases  of  system  development  planning.  Stand¬ 
ardization  of  terms  and  units  was  sought  and  refinement  of  data  requirements  in  the 
Deep  Ocean  (DO)*  and  Coastal  North  American  (CNA)**  regions  were  solicited  from 
the  U.  S.  Government  agencies  that  had  provided  data  requirements  for  the  1967 
feasibility  study.  Throughout  this  work,  operational  data  requirements  have  been 
emphasized  somewhat  more  than  research  requirements  because  of  their  more  stable, 
long-term  nature  and  because  of  the  potential  benefits  that  might  be  realized  by 

♦Beyond  400  n  mi  of  North  American  Coast. 

♦♦Within  400  n  mi  of  North  American  Coast. 


implementation  of  an  NDBS  capable  of  satisfying  operational  requirements  at  the 
earliest  possible  time. 

The  1968  data  requirements  refinement  and  the  analysis  of  the  applicability  of 
hypothetical  NDBS  sensing  characteristics  were  conducted  in  several  phases.  First, 
from  the  results  of  review  of  1)  the  1967  statements  of  data  requirements,  2)  the  1967 
projected  estimates  of  5-year  buoy  state-of-the-art  (SOA),  and  3)  the  results  of  the 
1967  feasibility  study,  a  hypothetical  data-buoy  "system"  was  conceptualized  for 
reference  purposes  (with  a  few  important  exceptions,  this  "strawman  system"  was 
comparable  to  those  postulated  in  the  1967  feasibility  study).  Second,  an  assessment 
was  made  of  how  well  each  set  of  the  1967  data  requirements  would  be  met  by  this 
hypothetical  "system. "  Third,  the  results  of  this  assessment,  together  wi*h  questions 
that  arose  during  the  analysis  and  assessment,  were  forwarded  to  the  pertinent 
agencies  for  refinement  action.  Fourth,  responses  (including  answers  to  specific 
questions  submitted  to  the  agencies)  were  analyzed,  assessed,  and  translated  into 
tentative  NDBS  sensing  characteristics  needed  to  meet  data  requirements  in  various 
marine  regions.  Finally,  the  refined  data  requirements  were  interpreted  in  terms  of 
tentative  observation  sites  in  hypothetical  DO  and  CNA  "system"  networks  in  13 
geographical  regions  called  Modular  Deployment  Zones  (MDZ). 

After  receiving  the  TRC  review  and  assessment  of  their  1967  statements  of  data 
requirements,  the  agencies  made  refinements  to  their  data  requirements  in  light  of 
the  potential  sensing  characteristics  of  the  hypothetical,  technologically  feasible  NDBS. 
When  the  refined  data  requirements  were  returned  to  TRC,  they  were  again  assessed 
and  tallied  in  the  following  manner:  Total  operational  data  requirements  for  observa¬ 
tions  of  data  at  sites  were  sorted  by  agency-mission-operations  (AMO),  by  agency,  by 
DO  and  CNA  regions,  and  by  13  geographical  regions  called  Modular  Deployment 
Zones  (MDZ).  In  each  sort,  where  applicable,  the  distribution  of  requirements  to 
collect  data  at  observation  sites  was  established  and  the  redundancy  or  common  use  of 
observation  sites,  where  possible,  was  analyzed  to  reduce  the  number  of  required 
sites.  For  example,  various  operations  within  an  agency  (or  among  agencies)  might 
have  requirements  for  data  (the  same  or  different  parameters)  from  the  same  type  of 
observational  network  in  a  given  geographical  area.  The  total  number  of  requirements 
for  observations  would  thus  be  larger  than  the  number  of  sites  required  to  meet  them. 


iv 


The  required  observation  sites  were  then  related  to  those  that  conformed  to  the  network 
sites  of  the  reference  "system."  Required  observation  sites  were  then  classified  as 
"system"  or  non-"system. "  A  similar  analysis  of  the  numerical  distribution  of 
specific  parameter  requirements  was  performed  for  "system"  and  non-"system"  sites 
_within  each  MDZ.  For  each  of  the  13  MDZs,  the  total  number  of  operational  require¬ 
ments  for  data  collection  at  each  "system"  site  and  corresponding  total  requirements  for 
specific  parameters  have  been  established,  thus  demonstrating  the  degree  of  utility  for 
each  "system"  observation  site.  The  complete  analysis  also  covers  non-"system" 
sites  in  the  same  manner  and  illustrates  the  low  operational  utility  of  these  sites.  A 
similar,  but  less  extensive,  analysis  was  made  of  research  requirements  that  were 

*  S„  |i 

either  met  or  partially  met  by  the  hypothetical  reference  "system". 

Finally,  all  operational  requirements  arid  selected  research  requirements  (those 
research  requirements  for  which  the  hypothetical  "system"  had  considerable  applica¬ 
bility)  were  combined  into  national  data  requirements  and  assessed  for  numerical 
distribution  of  requirements  for  observations  at  sites  that  could  be  assumed  to  be  those 
of  the  hypothetical  reference  "system. "  This  indicates  the  degree  of  potential  utility 
of  the  hypothetical  reference  “system”  for  satisfying  combined  national  requirements. 

In  total,  there  are  1 , 893  DO  and  1,  333  CNA  requirements  tor  data  collection  at 
sites  for  combined  national  interests  that  could  be  met  by  hypothetical  "system" 
observation  sites.  When  the  potential  reduction  of  observation  sites  made  possible  through 
the  common  use  of  a  site  is  taken  into  account,  the  net  number  bf  required  hypothetical 

i  f 

"system"  observation  sites  is  261  for  the  DO  region  and  279  for  the  CNA  region.  Thus, 
a  7:1  average  ratio  of  combined  requirements-for-data-collection-at-observation-sites 
to  "system"  observation  sites  is  achieved  in  the  Deep  Ocean  MDZs,  and  approximately 
a  5:1  average  ratio  of  requirements  to  "system"  sites  is  established  in  the  Coastal 
North  American  MDZs. 

Of  course,  these  findings  are  based  upon  the  assumption  that  the  1968  statements 
of  refined  data  requirements  are  the  best  presently  available  and  collectively  represent 
the  national  interests.  About  mid-1968,  estimates  of  the  relative  values  of  parameters 
and  observing  layers  were  solicited  from  four  agencies  with  operational  missions.  The 
agency  responses  indicated  that  additional  information,  related  to  data  requirements 
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and  useful  for  NDBS  development  planning,  can  be  obtained.  This  initial  effort  has 
made  clear  that  further  work  of  this  kind  should  be  undertaken  in  the  future. 

The  ultimate  sensing  characteristics  of  various  National  Data  Buoy  Systems 
have  not  yet  been  finalized.  The  statements  of  data  requirements  presented  in  this 

report  provide  a  base  for  assessment  of  hypothetical,  technically  feasible  sensing  - 

characteristics,  *  thus  adding  another  dimension  to  preliminary  system  development 
planning.  Among  other  important  features  of  evolving  NDBS  system  development 
planning  that  will  doubtless  influence  the  NDBS  sensing  characteristics  ultimately 
implemented  are  cost-effectiveness  studies,  trade-offs  of  potential  development  vs  ' 
off-the-shelf  equipment  acquisition,  relative  values  of  data  from  contiguous  geograph¬ 
ical  regions,  research,  economic,  social,  and  military  benefits,  and  national  and 
international  relative  worth  of  the  NDBS  (or,  the  data  collected  by  the  NDBS).  Within 
this  context,  the  conclusions  of  this  study  are  as  follows: 

•  The  continuing  evolutionary  nature  of  requirements  for  marine 
environmental  data  must  be  recognized.  It  is  the  result  of  numerous  factors. 

Annual  review  and  refinement  of  requirements  will  probably  be  necessary 
throughout  the  foreseeable  future. 

•  Agency  representatives  have  demonstrated  a  willingness  and  ability  to 
estimate  the  relative  importance  of  parameters  and  observing  layers  as  part  of 
the  continued  refinement  of  data  requirements.  A  more  intensive  program  to 
develop  and  exploit  quantified  ratings  of  this  type  should  be  undertaken. 

•  Horizontal  spacings  for  Deep  Ocean  buoy  networks  of  600  n  mi  and 

Coastal  North  American  network  spacings  of  100  to  150  n  mi  appear  to  be  gener- _ _ 

ally  acceptable  for  an  initial  NDBS  and  appear  to  serve  the  stated  needs  of  many 
activities.  A  total  of  261  DO  and  279  CNA  data  buoys  would  be  needed  to  satisf 
these  horizontal  spacing  requirements  in  the  ocean  areas. 

•  Twenty  parameters  in  the  following  table  ?  their  measurement 
characteristics  (see  Appendix  IV)  are  suggested  as  representative  of  the  basic 
sensing  characteristics  of  a  future  DO  or  CNA  NDBS.  They  are  the  result  of  the 
assessment  of  refined  1968  data  requirements  and  appear  to  be  generally 

*Tecfcnicaily  feasible  sensing  characteristics  are  defined  as  those  estimated  to  be 
achievable  within  5  years  by  conventional  development  effort. 
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acceptable  to  the  involved  U.  S.  Government  agencies  at  this  time.  Inclusion  of 
additional  parameters  of  high  common  need  or  importance  in  specific  geographic 
regions  appears  indicated.  Development  of  new  sensing  capabilities  for  some  of 
the  additional  parameters  (e.  g. ,  upper  air  parameters)  appears  worthy  of  further 
consideration.  ~  '  1  ~ 


TABLE  OF  BASIC  PARAMETERS  SUGGESTED  TO  BE  REPRESENTATIVE  OF 
POSSIBLE  FUTURE  NDBS  SENSING  CHARACTERISTICS 


Meteorological 

•  Air  temperature 

•  Atmospheric  electricity 

•  Atmospheric  pressure 

•  Dew  point 

Oceanographic 

•  Ambient  light 

•  Am  Rent  noise 

•  Current  direction 

•  Current  speed 

•  Salinity 

•  Sound  speed 

•  Transparency 


•  Insolation 

•  Precipitation  rate 

•  Wind  direction 

•  Wind  speed 


•  Water  pressure  (depth) 

•  Water  temperature 

•  Wave  3nd  swell: 

•  Direction 

•  Height 

•  Period 


In  preparing  this  report,  it  has  been  the  intent  of  the  authors  to  document  as 
clearly  as  possible  the  steps  involved  in  the  collection  and  assessment  of  data  require 
ments,  and  the  analysis  leading  to  further  delineation  of  the  basic  sensing  character¬ 
istics  of  future  National  Data  Buoy  Systems.  There  is  much  yet  to  be  learned  about 
the  marine  environment;  data  requirements  will  likely  change  in  the  future  in  an 
evolutionary  fashion.  The  NDBS  will  be  but  one  data  collection  system  operating 
ultimately  within  the  context  of  a  total  national  marine  environmental  data  collection 
system.  Thus,  this  report  may  be  of  use  or  guidance,  not  only  in  support  of  NDBS 
development  planning,  but  also  to  agencies  having  requirements  now  or  in  the  future 
for  data  from  the  marine  environment  and  agencies  having  present  or  future  responsi 
bilities  for  developing  and/or  operating  the  other  data  collection  systems  that  will 
comprise  the  rest  of  the  national  marine  environmental  data  collection  system. 
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Therefore,  this  report  has,  to  the  extent  possible,  been  structured  to  keep  this  larger 
task  in  view,  while  at  the  same  time  ccrcentrating  on  details  most  relevant  to  NDBS 
development. 

Many  of  the  results  and  conclusions  discussed  in  this  report  are  based  on  inter¬ 
pretations  by  the  authors  of  data  requirements  collected  from  U.  S.  Government 
Agencies.  Often,  interpretations  were  made  in  areas  that  are  recognized  to  be 
controversial.  The  cooperating  agencies  are  encouraged  to  "set  the  record  straight" 
on  any  point  where  these  interpretations  may  not  have  hit  the  mark.  Ultimately,  it  is 
hoped  that  through  interactive  efforts,  such  as  described  in  this  report,  procedures 
that  are  both  useful  and  acceptable  to  all  concerned  will  evolve  and  the  major  task  of 
developing  an  effective  national  marine  environmental  data  collection  system  will  be 
accomplished. 

SUMMARY,  VOLUME  U 

Volume  II  of  the  report,  The  Applicability  of  National  Data  Buoy  Systems  to 
Refined  National  Requirements  for  Marine  Meteorological  and  Oceanographic  Data, 
contains  the  five  Appendixes  for  Volume  I,  the  basic  report,  as  listed  in  the  Table  of 
Contents. 


TABIJ2  OF  CONTENTS,  VOLUME  I 


Section 


4.2.1 

4.2.2 

4.2. 2.1 

4.2. 2.2 

4.2.2. 3 

4. 2.2.4 

4.2. 2. 5 


INTRODUCTION 

ANALYSIS  OF  1967  DATA  REQUIREMENTS 
Source  Documents 
Comparative  Tabulations 

Tentatively  Proposed  NDBS  Sensing  Characteristics 

Assessment  of  1967  Data  Requirements 

Quest! (ms  Derived  from  the  196  /  Data  Requirements 

REFINEMENT  OF  USERS'  DATA  REQUIREMENTS 
Information  Packages  for  Agency  Representatives 
Conference  on  Refinement  of  Data  Requirements 
Agency  Responses  for  Data  Requirements  Refinement 

ANALYSIS  OF  REFINED  DATA  REQUIREMENTS 
Assessment  of  the  Refined  Data  Requirements 
Analysis  of  Refined  Operational  Data  Requirements 
Individual  Agencies 

Summary  of  Refined  Operational  Data  Requirements 

1  Required  Parameters 

2  Applicability  of  the  Tentatively  Proposed  ’’System" 

3  Number  of  Observation  Sites  (Buoys)  Required 

4  - Requirements  by  Modular  Deployment  Zones 

5  Parameter  Requirements  and  Locations  in  MDZs 


4. 2. 2. 6  Tentative  Observation  Sites  in  MDZs 

4. 3  Analysis  of  Refined  Research  Data  Requirements 

4.  3. 1  Summary  of  Refined  Research  Data  Requirements 

4. 3.1.1  Required  Parameters 

4.3. 1.2  Applicability  of  the  Tentatively  Proposed  "System" 

4.  3. 1.2. 1  Research  Requirements  Met  by  "System"  Network  Spacing 


TABLE  OF  CONTENTS  (Continued) 


Section 


4. 3. 1. 2. 2  Research  Requirements  Partial  [y  Met  by  "System" 

Network  Spacing 

4. 3. 1. 2. 3  "System"  Support  for  the  Combined  Research  Requirements 

5.  0  THE  RELATIVE  IMPORTANCE  OF  REQUIRED  PARAMETERS  AND 
OBSERVING  LAYERS  ■ 

6.0  CONCLUSIONS 

6. 1  Evolutionary  Nature  of  Data  Requirements 

6. 2  Pojssible  Sensing  Characteristics  for  NDBS 

6.2.1  Possible  DO  and  CNA  Parameters 

JN 

6.2.2  Possible  DO  and  CNA  Initial  Buoy  Locations 

7. 0  RECOMMENDATIONS  FOR  FURTHER  STUDY 

8. 0  REFERENCES 


Figure 


LIST  OF  ILLUSTRATIONS 


Sequence  of  events  leading  to  refinement  ot  National  Marine 
Environmental  Data  Requirements  l>y  Federal  Agencies 


CNA  horizontal  spacing  along  U.S.  and  Canadian  coasts 


4-2  ckA  horizontal  spacing  along  western  Mexican  coast 
4-3  Tentatively  proposed  modular  deployment  zones  (13) 

4-4,  A-M  Tentative  observation  sites  in  MDZ  for  refined  national 
operational  data  requirements  j  . 

6-1, A-M  Distribution  by  MDZs  of  refined  operational  and  research 
national  data  requirements  at  observational  sites 

6-2  The  hypothetical  "system  '  network  Of  observation  sites  (279  buoys) 

for  the  CNA  region  1 

6-3  The  hypothetical  "system"  network  of  observation  sites  (261  buoys) 
for  the  DO  region  I 


Page 


x 


UST  OF  TABLES 

Table 

Title 

Eage. 

1-1 

Chronology  of  1968  Refinement  of  National  Operational  and  Research 
Marine  Environmental  Data  Requirements 

5 

2-1 

List  of  Agency-Mission-Operations  (AMOs)  Contacted 

9 

2-2 

Projected  5-Year  Buoy  State-of-the-Art  (SOA) 

12 

2-3 

Comparative  Tabulations  of  1967  Operational  Data  Requirements 

17 

2-4 

Comparative  Tabulations  of  1967  Research  Data  Requirements 

18 

2-5 

Tentatively  Proposed  NDBS  Sensing  Characteristics 

25 

2-6 

Assessment  Sheet  for  1967  Data  Requirements 

28 

4-1 

Parameters  Required  by  Agencies  for  Operational  Activities 
(Refined  Requirements)  A.  "System"  Parameters;  B.  "Grey 

Area"  and  "Beyond  5-yr.  Buoy  SOA  Parameters 

47 

4-2 

'  Parameters  Commonly  Required  for  DO  and  CNA  by  Operational 
Activities  (Refined  Requirements) 

48 

4-2 

"System"  Applicability  for  Refined  Operational  Data  Requirements 

50 

4-4 

Number  of  Observation  Sites  (Buoys)  Required  for  Refined  Agency 
Operational  Data  Requirements 

51 

4-5 

Number  of  Observation  Sites  (Bucys)  Required  for  Refined 

National  Operational  Data  Requirements 

51 

4-6 

Proposed  Modular  Deployment  Zones  and  "Siystem"  Sites 

56 

4-7 

Refined  Agency  Operational  Data  Requirements  for  Total  Required 
Sites  by  MDZ 

57 

4-8 

Required  Number  of  Observation  Sites  (Buoys)  by  MDZ  for  Refined 
National  Operational  Data  Requirements  A.  "System"  Network 

60 

Sites;  B.  Non- "System"^  Sites' 

4-9 

Refined  National  Operational  Parameter  Requirements  by  MDZ 

63- 

4-10 

Parameters  Required  by  AMOs  for  Research  Activities  (Refined 
Requirements)  A.  "System";  B.  "Grey  Area";  C.  "Beyond 

5-yr.  Buoy  SOA" 

103 

4-11 

Requirements  of  Research  AMOs  Met  by  Tentative  "System" 
Network  Spacing 

107 

4-12 

Number  of  Observation  Sites  (Buoys)  Required  for  Refined 

Research  Data  Requirements  Met  by  "System"  Network  Spacing 

109 

<*-13 

Requirements  of  Research  AMOs  Partially  Met  by  "System" 
Network  Spacing 

110 

xi 


Table 

Title 

Page 

4-14 

.  .  -  -  - . .  •  —  •" 

Number  of  Observation  Sites  (Buoys)  Required  for  Refined 

Research  Data  Requirements  Partially  Met  by  "System"  Network 
Spacing 

112 

4-15 

Number  of  Observation  Sites  (Buoys)  Required  for  Combined 

Refined  Research  Data  Requirements  Supported  by  "System" 

Network  Spacing 

114 

• 

4_16 

Period  oi  Observational  Programs  to  Support  Refined  Research 

AMO  Data  Requirements 

116 

5-1 

Division  of  Vertical  Extent  of  Data  Requirements  into  Observing 
Layers 

118 

.  . . : _ , —  5-2 - 

Criteria  for  Estimating  Relative  Values  of  Parameters  and 

Layers 

119 

5-3 

Parameter  and  Observing  Layer  Relative  Values  ■ 

120 

| 

5-4 

Distribution  of  “Must  Have"  Parameters 

122 

i 

5-5 

Parameters  Rated  “Must”  By  Three  or  More  Agencies 

123 

j 

5-6 

Parameters  Rated  “Must”  By  Exactly  Two  Agencies 

123 

i 

i 

5-7 

Parameters  Rated  “Must”  By  Exactly  One  Agency 

124 

i 

5-8 

Parameters  Rated  “Must”  By  Four  Agencies 

125 

6-1 

Twenty  Basic  Parameters  Suggested  To  Be  Representative  of 
Possible  Initial  NDBS  Sensing  Characteristics 

131 

- 

6-2 

Number  of  "System”  Observation  Sites  Required  for  National 

Refined  Operational  and  Research  Data  Requirements 

A.  Deep  Ocean;  B.  Coastal  North  America 

135 

i 

TABLE  OF  CONTENTS,  VOLUME  II 

Section  Title 

I.  SUPPORTING  DOCUMENTATION 

I.A.  Reasons  for  Non-Inclusion  of  Parameters  in  the  Tentatively  Proposed 
NDBS  Sensing  Characteristics 

I.B.  An  Example  of  an  Assessment  Sheet  for  the  1967  Data  Requirements 

I.C.  General  Questions  for  Agency  Representatives 

I.D.  Typical  Specific  Questions  for  Agency  Representatives 

I.D.l  Specific  Questions  Related  to  the  Refinement  of  Operational  Data 
"  Requirements 

I.D.2  Specific  Questions  Related  to  the  Refinement  of  Research  Data 
Requirements 

I.E.  List  of  Invited  Agency  Delegates 

I.P.  List1  of  Observers  Invited  to  Data  Requirements  Refinement  Meeting 

I.F.l  List  of  Invited  VIP  Observers 

I.F.2  List  of  Invited  Organization  Observers 

l. G.  Attendees  At  Data  Requirements  Refinement  Conference,  19  March 

1968,  Washington,  D.C. 

II.  COMPARATIVE  TABULATIONS  OF  1968  REFINED  DATA 
REQUIREMENTS 

n.A.  Comparative  Tabulations  of  Refined  Operational.  Data  Requirements 

II.  B.  Comparative  Tabulations  of  Refined  Research  Data  Requirements 

III.  CHARTS  SHOWING  GEOGRAPHICAL  AREAS  OF  INTEREST  FROM 
WHICH  DATA  ARE  REQUIRED  FOR  INDIVIDUAL  AMOs 

HI.A.  Geographical  Areas  and  Required  Number  of  Observation  Sites _ 

for  Operational  AMOs 

m. B.  Geographical  Areas  and  Required  Number  of  Observation  Sites 

for  Research  AMOs 

IV.  ASSESSMENT  SHEETS  FOR  1968  REFINED  STATEMENTS  OF 
DATA  REQUIREMENTS 

IV .A.  Assessment  Sheets  for  Operational  Activities 

IV. B.  Assessment  Sheets  for  Research  Activities 

V.  TENTATIVE  APPROACH  FOR  THE  ESTIMATION  OF  RELATIVE 
VALUES  OF  OPERATIONAL  PARAMETERS  AND  LAYERS 


gage 

1-1 

1-2 

1-7 

1-11 

1-14 

1-14 

1-16 

1-18 

1-21 

1-21 

1-23 

I- 27 

II-  1 

n-3 

n-5 

ra-i 

1II-2 

III—  24 

IV- 1 

1V-2 

1V-47 

V-2 


1.0  INTRODUCTION 

This  report  documents  the  1968  refinement  of  the  national  requirements  for 
marine  meteorological  and  oceanographic  data  and  shows  the  applicability  of  certain 
postulated  National  Data  Buoy  Systems  (NDBS)  sensing  characteristics  to  a  subset  of 
the  refined  data  requirements.  The  data  requirements  were  first  established  early  in 
1967  as  the  first  phase  of  the  Study  of  the  Feasibility  of  National  Data  Buoy  Systems. 

The  1968  refined  national  data  requirements  of  operational  and  research  users  are  in¬ 
cluded  in  this  report.  These  requirements  span  the  world’s  oceans  and,  in  the  verti¬ 
cal,  extend  from  the  ocean  bottom  to  100,000  feet  in  the  atmosphere.  The  data  require¬ 
ments  cover  the  time  period  from  the  present  to  as  far  into  the  future  as  can  be  pro¬ 
jected:  up  to  15  years.  The  required  data  include  physical,  biological,  chemical, 
geological  and  radiological  parameters. 

The  national  data  requirements  that  were  refined  during  this  contract  (DOT-CG- 
82504- A)  were  originally  compiled  under  U.  S.  Coast  Guard  (USCG)  Contract  TCG- 
16790- A  with  the  details  of  that  work  covered  in  The  Travelers  Research  Center's 
(TRC)  Feasibility  Study  Final  Report  -  Volume  I,  Part  1  [l)  .  The  overall  objectives 
of  that  1967  study  were  to  Identify  from  the  compiled  national  requirements  for  marine 
meteorological  and  oceanographic  data  the  subset  of  requirements  that  could,  on  a  cost- 
effectiveness  basis,  best  be  acquired  by  buoy  systems,  and  to  develop  a  plan  for  meet¬ 
ing  that  subset  of  data  requirements.  The  data  requirements  that  were  collected  in 
1967  to  meet  part  of  the  first  objective  were  considered  representative  of  most  types 
of  national  marine  activities  and,  although  not  exhaustive,  covered  all  the  data  requirer 
ments  -  not  just  that  subset  best  met  by  buoys.  However,  it  should  be  noted  that  this 
initial  compilation  of  marine  data  requirements  was  really  the  first  detailed  statement 
of  such  national  requirements  ever  formally  made  and  represents  the  information  as  it 
was  understood  at  that  time  by  the  various  users  interviewed.  It  did  not  represent  the 
results  of  objective  analyses  of  the  users'  activities  to  determine  the  sensitivity  of 
their  operations  to  environmental  parameters.  It  was  apparent  in  view  of  these  re¬ 
strictions  and  the  limited  experience  of  the  users  with  adequate  marine  data,  that  these 
early  1967  statements  of  data  requirements  could  be  improved  by  updating,  expansion, 
and  refinement.  Although  originally  adequate  for  a  feasibility  study,  the  data 
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requirements  collected  in  early  196?  had  a  number  of  deficiencies  including  omissions, 
insufficient  information,  inconsistencies,  errors  and,  in  some  cases,  obsolescence. 

In  November  1967,  the  U.  S.  Coast  Guard  was  assigned  lead-agency  responsibil¬ 
ity  by  the  National  Council  for  Marine  Resources  and  Engineering  Development  for  the 
design  and  development,  up  to  implementation,  of  a  national  data-buoy  systems  capa¬ 
bility.  The  deficiencies  in  the  1967  statements  of  data  requirements,  and  the  fact  that 
they  were  collected  without  benefit  of  standardization  or  reference  to  the  concepts  and 
potential  capabilities  of  national  data-buoy  systems,  caused  them  to  be  considered  in¬ 
adequate  for  the  design  and  development  responsibility  of  the  Coast  Guard  National 
Data  Buoy  Systems  Designated  Project  Office  (NDBS  DPO).  Therefore,  a  data  require¬ 
ments  refinement  effort  was  undertaken  by  TRC  as  one  activity  of  Contract  DOT-CG- 
82504- A.  The  objectives  and  scope  of  the  data  refinement  effort  were  to  obtain  more 
up-to-date,  complete,  accurate,  and  clearly  defined  statements  of  marine  meteorologi¬ 
cal  and  oceanographic  data  requirements  from  the  various  government  agencies  and 
their  affiliates.  Although  total  operational  and  research  data  requirements  were  de¬ 
sired,  slightly  more  priority  was  placed  on  clarifying  and  refining  the  data  require¬ 
ments  of  the  operational  activities  from  the  Deep  Ocean  (DO)*  and  Coastal  North 
American  (CNA)**  regions.  In  addition  to  the  goals  to  update,  expand,  and  refine  the 
1967  data  base,  standardization  of  terms  and  units  was  to  be  achieved  and  the  concepts 
and  sensing  characteristics  of  tentatively  proposed  national  data  buoy  “systems”  were  to  be 
used  as  a  reference  framework  in  helping  to  establish  the  refined  data  requirements. 

The  general  procedure  for  refining  the  1967  data  requirements  has  several  phases 
First,  from  the  results  of  analysis  of  the  1967  statements  of  data  requirements  and  the 
projected  (5-yr)  buoy  state-of-the-art  (SOA),  a  hypothetical  data-buoy  "system"  was 
conceptualized  for  reference  purposes.  Second,  an  assessment  was  made  of  how  well 
each  set  of  data  requirements  would  be  met  by  this  hypothetical  "strawman  system.” 
Third,  the  results  of  this  assessment,  together  with  questions  that  arose  during  the 
analysis  and  assessment,  were  forwarded  to  the  pertinent  agencies  with  detailed  in¬ 
structions  on  how  to  use  the  material  in  the  desired  refinement  action.  Fourth. 


*Beyond  400  n  mi  of  North  American  Coast 
♦♦Within  400  n  mi  of  North  American  Coast 
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responses,  including  answers  to  the  questions,  were  analyzed,  assessed  and  trans¬ 
lated  into  NDBS  requirements  for  the  various  marine  regions.  Finally,  the  refined 
data  requirements  were  interpreted  in  terms  of  tentative  data  observation  sites  in 
potential  NDBS  networks  for  DO  and  CNA  deployment  zones.  This  procedure  assumes 
that  the  state m«  nts  of  data  requirements  are  the  best  available  information  and  collec¬ 
tively  represen:  the  national  interests.  It  is  to  be  understood  that  data  requirements 
will  continue  to  evolve  and  will  eventually  be  better  defined  when  adequate  data  from 
the  marine  environment  are  available  to  the  agencies  for  their  use. 

The  general  procedure  described  above  for  the  refinement  of  data  requirements 
is  both  the  starling  point  and  a  portion  of  the  cycle  for  refinement  of  system  design 
involving  analyses  of  cost  effectiveness,  relative  values,  cost  benefits,  technical  and 
economic  feasibilities,  etc.  As  system  development  and  implementation  progress, 
data  collection  capabilities  may  advance;  in  turn,  this  would  probably  result  in  changes 
of  data  requirements.  Other  changes  might  be  produced  by  the  evolution  of  nev  or  im¬ 
proved  data  uses.  For  example,  improved  prediction  models  might  require  sensing 
additional  parameters  and/or  modifying  spatial  and  temporal  sampling,  duration  of 
observation,  etc.  Thus,  the  capabilities  of  a  technically  feasible  and  economically 
cost-effective  system  may  have  a  feedback  impact  on  the  data  requirements.  As  a 
starting  point  for  conceptualizing  a  hypothetical  data  buoy  "system"  to  be  used  as  a 


reference  framework  for  this  data  requirements  refinement  effort,  pertinent  results 
from  the  1967  National  Data  Buoy  Systems  Feasibility  Study  Final  Reports  have  been 
used  (Refs.  1,  Jl,  3,  4,  5,  and  6).  The  1967  feasibility  study  produced  two  hypotheti¬ 
cal  data  buoy  "systems"  for  DO  and  CNA  that  were  shown  to  be  technically  and  econom¬ 
ically  feasible.  Versions  of  these  "systems"  played  a  part  in  the  1967  feasibility  study 
cost-effectiveness  analysis  and  the  preliminary  technical  development  plan. 

As  a  first  step  toward  conceptualizing  "system"  sensing  characteristics  used  in 
this  study,  the  1967  DO  and  CNA  hypothetical  "systems"  were  re-evaluated  in  light  of 
further  review  of  the  1967  requirements  and  5-year  buoy  SOA  estimates;  the  resulting 
modified  DO  and  CNA  "systems,"  described  in  Section  2.0,  were  used  as  part  of  the 
1968  refinement  of  data  requirements  effort  in  the  following  manner.  The  participating 
U.S.  Government  agencies  were  given  an  assessment  of  the  ability  of  the  hypothetical 
"systems"  to  meet  their  1967  stated  data  requirements.  The  agencies  were  requested 


3 


to  refine  their  stated  data  requirements  and  comment  on  the  suitability  of  hypothetical 
"system"  sensing  characteristics  for  meeting  their  statements  of  data  requirements. 

The  agencies  were  encouraged  to  recommend  changes  in  the  characteristics  of  the 
"strawman  system,"  and  also  to  suggest  sensing  hardware  or  techniques  that  might  be 

used  in  a  data  buoy  system  to  collect  data  related  to  their  required  parameters. 

. 

The  USCG  NDBS  DPO,  assisted  in  part  by  TRC.  solicited  the  relative  importance 
of  stated  requirements  for  parameters  and  observing  levels  from  four  primary  agen¬ 
cies  with  operational  missions:  Bureau  of  Commercial  Fisheries,  ESSA,  U.  S.  Coast 
Guard,  and  U.S.  Navy.  This  effort  was  initiated  in  mid-1968  when  the  preliminary 
results  of  the  data  requirements  refinement  effort  were  provided  to  the  NDBS  DPO  by 
TRC.  During  the  interim  period  of  six  months  between  the  initiation  of  refined  data 

t 

requirements  and  the  estimation  of  relative  values  of  parameters  and  observing  layers,  j 

some  modifications  to  stated  agency  requirements  developed.  Therefore,  what  might  ! 

appear  as  minor  conflicts  between  the  statements  of  refined  data  requirements  and  the  j 

tentative  statements  of  relative  values  are,  in  fact,  the  normal  results  of  the  continued 
evolution  of  data  requirements  and  the  understanding  thereof. 

The  technical  approach  for  the  refinement  of  the  initial  (1967)  statements  of  data 
requirements  is  presented  as  a  chronology  in  Table  1-1  and  discussed  in  detail  in 
Sections  2,  3,  and  4.  The  geographical  locations  at  which  observations  are  required, 
according  to  the  refined  data  requirements  effort,  are  shown  in  Section  4  as  tentatively 
proposed  observation  sites.  *  Section  5  presents  estimates  of  relative  importance  of 
required  parameters  and  observing  layers  to  four  agencies  with  operational  missions. 

The  conclusions  of  this  study,  highlighting  reasonable  initial  KDBS  common  data 

sensing  characteristics  are  given  in  Section  6.  Suggestions  fc  -  further  study  of  the 

data  requirements  are  presented  in  Section  7. - : - - - 


♦Proposed  observation  sites  are  based  on  achieving  (for  the  most  part)  required 
horizontal  spacing  of  data  observations  within  designated  geographical  areas.  The 
precise  latitude  and  longitude  for  each  data  collection  site  will  probably  be  determined 
at  some  future  time  through  coordination  of  agency  requirements  as  they  exist  at  that 
time. 
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TABLE  1-1 


Month 

(1968) 


Feb.  4 


Mar.  -1 


Apr.  4 


Mav  -I 


•June  -( 


.Julv  4 


Aug 


Sept.  4 


Ort. 


CHRONOLOGY  OF  1968  REFINEMENT  OF  NATIONAL  OPERATIONAL  AND 
RESEARCH  MARINE  ENVIRONMENTAL  DATA  REQUIREMENTS 


Major  Activity 


Date 

(1968) 


Other  Activities 


Analysis  and  assessment 
of  1967  data  requirements 
statements  and  prepara-  ' 
tion  for  data  require¬ 
ments  refinement  meeting 


i  Analysis  and  assessment 
I  of  refined  1968  national 
>  data  requirements 
■ 1  statements 


Applicability  of  hypo¬ 
thetical  NDBS  "system” 
to  refined  requirements 


Preliminary  identiflca- 
l  tion  of  required  sensing 
)  characteristics  at 

A  typical  observational _ _ 

/  sites  In  specific  geo- 


±>  graphical  regions 


,  Final  report 
>  preparation  and 
I  review 


£  19  Mar. 

£  8  Apr. 

£  15  May 

£  29  May 

£  26  June 

C  2  Aug. 

C  16  Au»- 

£  10  Sept. 


Data  requirements  refinement  meeting 


Target  date  for  return  of  refined  require¬ 
ments 


Last  refined  operational  requirements 
returned 

Preliminary  briefing  for  NDBS  DPO 


Formal  briefing  for  NDBS  DPO 


Sollcitktibn  of  estimates  of  relative  values 
of  parameters  and  observing  layers 


Target 

(TstimaV 


dale  for  return  of  relative  value 
ies 


U.S.C  G.  direction  to  proceed  with 
final  report,  using  1967  statements 
for  missing  refined  research  require¬ 
ments 
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2.0  ANALYSIS  OF  1967  DATA  REQUIREMENTS 

la  the  first  step  of  the  general  procedure  for  obtaining  refined  statements  of 
data  requirements,  the  1967  data  requirements  statements  were  carefully  analyzed 
for  completeness  and  consistency.  Next,  the  re-evaluated  1967  data  requirements 
were  used  as  a  basis  for  modifying  the  characteristics  of  1967  DO  and  CNA  hypotheti¬ 
cal  "systems.  "  The  resulting  "system"  was  used  to  assess  the  applicability  of  the 
hypothetical  NDBS  sensing  characteristics  for  1967  data  requirements.  The  "system" 
sensing  characteristics  and  an  assessment  for  each  relevant  statement  of  data  require¬ 
ments  were  provided  to  the  agencies  as  background  information  for  use  in  refining 
data  requirements  in  1968. 

The  time-phased  block  diagram  in  Fig.  2-1  gives  a  brief  overview  of  the 
sequence  of  events  leading  to  the  1968  Marine  Meteorological  and  Oceanographic  Data 
Requirements  Meeting  in  Washington,  D.  C. ,  on  19  March  1968.  Briefly,  the  agencies 
were  presented  with  a  comparative  analysis  of  what  data  requirements  had  been 
specified,  where  inconsistencies  or  anomalies  seemed  to  be  present  in  the  1967  state¬ 
ments  of  data  requirements,  and  how  it  appeared  (in  March  1968)  that  data  buoy 
"systems, "  representative  of  future  National  Data  Buoy  Systems,  might  be  able  to 
satisfy  the  agencies'  requirements.  The  intent  of  this  effort  was  to  ensure  that  all 
agencies  were  aware  of  the  impact  of  stated  data  requirements  on  the  1967  feasibility 
study  results  and  the  progress  of  USCG  NDBS  DPO  development  planning  up  to  that 
time.  The  agencies  were  then  requested  to  modify  and  refine  their  statements  of  data 
requirements,  if  desired. 

Once  the  refined  1968  statements  of  data  requirements  were  collected,  a  new 
assessment  of  requirements  was  performed  and  applicability  of  the  hypothetical  data 
buoy  "systems"  re-evaluated  and  the  "systems"  were  modified,  as  judged  advisable 
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to  the  light  of  buoy  5-year  SQA  and  economic  feasibility.  *  This  phase  of  the  study  is 
discussed  in  Sections  3  and  4. 

2. 1  Source  Documents 

During  the  first  phase  of  the  1967  Stucty  of  the  Feasibility  of  National  Data  Buoy 

Systems,  the  national  requirements  for  marine  meteorological  and  oceanographic  data 

j 

were  collected  and  compiled.  The  carefully  planned  collection  procedure,  reported  in 
the  TRC  Feasibility  Study  Final  Report  -  Volume  I,  Part  1  [1] ,  produced  statements 
of  data  requirements  tabulated  on  the  original  interview  forms  by  the  environmental 
scientists  who  conducted  the  interviews!  These  data  were  retabulated  by  the  inter¬ 
viewers  on  simplified  forms  which  were  then  returned  to  the  various  agencies  for 
validation.  Those  1967  statements  of  data  requirements  that  were  validated  and 
returned  by  78  Agency-Mission-Operations  (AMOs)  were  considered  the  best  available 
source  documents  for  use  in  this  1968  analysis.  The  78  AMOs  are  listed  in  Table  2-1 
among  the  97  originally  contacted.  The  remaining  19  AMOs  are  listed  as  "No  Stated 
Data  Requirements.  "  (This  general  category  is  not  intended  to  preclude  an  interest  in 
data. )  In  some  instances,  as  this  analysis  of  1967  data  requirements  proceeded,  there 
were  apparent  problems  with  the  data  on  some  of  these  validated  tables  and  it  was 
necessary  to  refer  back  to  the  original  interview  forms  for  further  clarification  of 
deficient  information  that  had  slipped  through  the  validation  process.  Thus  the  vali¬ 
dated  tables,  the  original  interview  forms,  and  telephone  contacts  with  agency  repre¬ 
sentatives  provided  the  best  available  source  information  for  this  first  phase  of  the 
1968  data-requirements  refinement  process. 

*Of  course,  a  "strawman  system"  can  only  be  useful  as  a  guide  for  undertaking 
more  thorough  systems  analyses  involving  cost-effectiveness,  technical  and  economic 
feasibility  of  equipment  developments,  relative  values  of  parameters  and  observing 
layers,  relative  worth  to  the  nation  of  agency  missions,  benefits  derived  from  data  use, 
etc.  It  is  clear,  however,  that  the  procedure  outlined  here  does  provide  a  complete 
iterative  cycle  through  the  requirements/system  development  loop.  It  is  possible  that 
the  acquisition  of  experimental  data  (e.  g. ,  from  the  BOMEX  and  NORPAC  field  experi¬ 
ments)  may  stimulate  yet  another  refinement  cycle  through  this  loop.  In  general, 
assessment  and  refinement  of  marine  environmental  data  requirements  probably 
should  occur  at  least  annually. 
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TABLE  2-1 

LIST  OF  AGENCL -MISSION-OPERATIONS  (AMGs)  CONTACTED 


Agency  lartmtvi 

1'  S  Air  Force— 

Air  Weather  Sen  ice 
l!  S  Air  Ftirrr- 
Air  Weather  Service 


1*  5  Air  Fiirrt- 
Air  Weather  Service 

Suw  Opt  -  Arm*  Cowl  rot 

t'S  Arms -Co* *u I  Engine* 
Research  Center 

US  Army  — l«»k*  Survey 


Atomic  En*r<v  Commuiiofl- 
Headquarters,  Washington,  DC 

Bureau  of  Commercial 
Fisheries 

fkrtiu  of  Commercial 
Ft»h*n**-Trcptesl  Atlantic 
Biological  1  Laboratory .  Miami. 
Florida 

Buresu  of  Commercial 
Fi  ah*  ne*~  Beaufort.  N  C. 


Bureau  ol  Commercial 
Fisheries- Beaufort.  N  C 


Bureau  of  Commercial 
Fisheries— Seattle.  Washington 


‘  13  f  Bureau  of  Commercial 

'  F.sheries -Sunford.  California 

U  Bureau  of  Commercial 

Fisheries- Ijjolb.  California 


Bureau  of  Commercial 
Fiahen**— Wourfs  Hoi*.  Mas* 


fhjreau  of  Commercial 
Fisheries— Booth  Bay  Hartior. 
Maine 

Bureau  of  Commercial 
Fisheries—  Booth  Bay  Harbor. 
Maine 

Bureau  of  Commercial 
Fisheries— Environ  mama  I 
OresnngrSphic  Research 
Program.  Washington.  D  C. 

“Bureau  nT  Commercial 
Fisheries -Washington.  D.  C. 

Bureau  of  Sport  Fisheries— 
Sandy  Kook  Marine  Lab.,  SJ. 

Bureau  of  Sport  Fisheries— 
Tiburon  Marine  Lab..  Calif. 

Deps rtrTmnt  of  the  Interior- 
Bureau  of  Mines.  Tiburon. 
California 

1*5  Const  txMtd 
V.5.  Coast  Guard 

L5  Const  Guard 
t'5.  Const  Guard 
US.  Conat  Guard 
US.  Const  Guard 
V  S.  Coast  Guard 


Mission- operation  (program! 


Support  launch  and  recovery 
of  space  vehicles 

Support  national  defeat* 
weapons  and  tactic*  HDT  A  E 
at  Eglin  AFB  and  Western 
Test  Range  at  Vandenberg  AFB 

Support  slobs  1  Dept  of 
Defense  operations 
No  slated  data  requirements 
Research  in  coastal  engineer- 
in* 

Water  modem  research  m  the 
Crest  Lakes 

Bo  stated  data  requirements 


Research  on  water  rami  in 
the  ilotl  of  Mexico 
Research  on  Tuna  in  Tropical 
Atlantic,  Caribbean  and  Gulf 
of  Mexico 

Research  on  North  American 
menhaden  and  bios  crab  an 
the  root,  shelf  from  Maine  to 
Texas 

Research  on  North  American 
menhaden  and  blue  rrsb  in 
satus  rui  and  near  shore  from 
Cap*  Cod  to  Texas 

Research  on  commercial  fiah 
in  the  North  East  -*scific  and 
off  the  North  W>*»  Coast  of 
N  America 

Bases rch  on  air/tes  inter¬ 
action  in  the  Pacific 

Distribution  and  environment 
of  tuna,  anchovy  and  sardine 
in  the  Eastern  Pacific 

Research  on  major  ground 
fiah  species  of  the  N*w 
England  Cos  at 

Research  on  herring,  lobster 
snd  sardine— off  shore  in  the 
Gulf  o<  Maine 

Research  on  herring,  lobster 
and  sardine— near  shore  in 
the  Gulf  of  Maine 

Research  on  bottom  fiah  off 
Cape  Corf 


Synoptic  Climatology  for  Bureau 
of  Commercial  Fisheries'  uae 

Fiah  distribution  on  cant,  ehetf 
of  east  coast 

Fiah  distribution  an  cant,  shelf 
of  west  coast 

Develop  marine  mining  tech¬ 
nology 

Ocean  station  vessels 

Data  acquisition  along 
standard  sections 
Ice  Patrol  monitoring 
Ice  Patrol  research 
Search  and  rescue 
Oceanographic  Services 

Icebreaking -polar  ocean¬ 
ography 


U 

» 

M 


Agency  (activity! 


Mission-operation  (program) 


«1 

♦2 

43 


Environments!  Science  Serrlc** 
Administration -Caa at  a tut 
Geodetic  Survey 

Environmental  Science  Service* 
/dmimatratlon— CcaM  and- 
Geodetic  Survey 

Env  ron mental  Science  Sendee* 
AdmM’ttratlon— Coast  and 
Georfet *  Survey 

Env tran. e  ntal  Science  Service* 
Administrxdon- Weather  Bureau 

Environment  i  Science  Service* 
Adminiatratiu.  -Weather  Bureau 

Environmental  Sc'enc*  Service* 
Admmialraticw-Wenther  Bureau 

Environmental  Sneiv*  Service* 
AdminiairsOnn—  lnstltxC.fr  of 
Oreanography 

Environmental  Icienee  Ser* ires 
Administration-Institute  of 
Oceanography 

Environmental  Science  Service* 
Administration— National 
Environmental  Sntellkte  Center 

Oepartmeht  of  the  lnteii<  r— 
Federal  Water  Pollution  Control 
Administration 

Department  of  Health.. Educa¬ 
tion  sod  Welfare- Water 
Sup’rfv  and  Sea  Resource* 

i  Pt^tswi 

Department  of  Commerce— 

|  Maritime  Administration 
1  National  Aeronautic*  and 
i  Space  Administration 

National  Science  Foundation- 
I’m  varsity  at  Rhode  Island 

National  Science  Founds tion— 
Duke  University 

Nations  I  Science  Foundation— 
Duke  University 

•  National  Science  Foundation— 

|  &**  University 

National  Science  Foundation— 
University  of  Miami 


National  Science  V'oun  Milan  - 
University  of  Miami 


Office  of  Naval  Research— 
University  of  Miami 


National  Science  Foundation— 
University  of  Miami 
National  Science  Foundation— 
Oregon  State  University 

National  Science  Foundation— 
La  marl  Geophysics] 
Observatory 

National  Science  Foundation— 
La  moot  Geophysical 
Observatory 

Nations!  Science  Foundation— 
Lament  Geophysical 
Observatory 


j  Prediction  of  tides  snd  tidal 
current* 


Col  lection  of  geomagnetic 
ilats  over  the  deep  oceans 

Collection  of  poratnrtit 
data  over  the  continental 
shelf 

Global  general  w*»th*r 
analysis  snd  prediction 

Marine  weather  analysis  and 

prediction 

World  Weather  Watch  analysis 
and  prediction 

Research  In  ocean  etrculs- 
tion-extuary ,  *ie*r  aSor* 
and  deep  ocean  studies 

Research  in  ocean  drew- 
1st  I  on-air/ sea  intencaon 
studies 

No  stated  dais  requirements 


Stud/  on  pollutant  smornts 
and  control 


Research  on  effect  of  pollu¬ 
tants  un  she!. fiah 


No  stated  data  requirement* 

No  stated  data  requirement* 

No  stated  data  requirement* 

Research  in  Gulf  Stream 
structure  and  dynamic* 

Research  on  metabolic  and 
growth  rate  uf  marine  organ¬ 
isms 

Study  of  life  and  source  of 
life  in  oceanic  abyss 

Research  on  aces  nog  Trip  hie 
environmental  parameters 
and  underwater  acoustical 
propagation 

Study  current  in  South  Florida 
waters— determine  transport 

of  *h  rtmp  _ 

Research  on  oceanographic 
environmental  parameter* 
t;-d  equatorial  current 
system 

Marine  Biology- no  stated 
data  requirement* 

Research  on  wind  stress  on 
the  ocean  off  the  Oregon 
Coast 

Bottom  current  measurement* 
in  deep  basin*  of  the  Pacific 

Observations  of  the  Antarctic 
polar  front 

Current  measurement*  along 
sills— renewal  of  water  in 
deep  basin* 
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National  Science  Foundatlon- 
Lamont  Geophysical 
Observatory 


Monitor  currents  along 
shelf  of  Weddel  Sea 


TABLE  2-1  (Continued) 


Ar»cy  toetivlty) 


Office  W  K**«!  RnnkIh 

New  Tart  Umvereity 

Office  at  Nawl  Berea  rc  Ik- 
New  Yert  tin!  vanity 


n 

n 

•• 

ii 

is 

•i 


Ubaratorlea-P 
C*i  vanity 


l  vanity 

K*rtl  Oceanographic  Cfflce- 
brnramm*  Oamr  (cod*  44) 

V  J.  Navy— Mann*  Engineering 


D  J.  fcrjr-Ktartni  tagtaaerlttg 


D  J.  Navy-Cndervator  Bo 
laboratory 

Novel  Ship  Rnanarch  ud 
Development  Center 

Office  at  Koval  Beaearth-. 
OnaeraJ  Motor*  Defer*# 
Uboratory 


MI  aeion-cp*  ration  (prog  r»  mi 


Oauarel  circulation  of  too 

omai 

Air/Boa  l  nto  ruction - 
emphaeie  on  *irt  forwcuting 


M 

National  Be  tone*  foumtoUon- 

Study  dynamic  proeeteee  of 

M 

Wnoda  Koto  Oceeaagraphto 

tha  Weaver*  North  Atlantic 

taatitutteu 

IB 

Natl  anal  Science  TmrtlKa- _ 

Study  of  the  effluent  w*«er*  1  _ 

94 

Urn  v*  ratty  at  Waafct^ton 

of  tha  Columbia  River 

M 

Ned  anal  Betoaca  foundiUon- 

Ne  e toted  data  requirement* 

Uwveraity  at  WaaMaftaa 

•7 

•1 

National  Science  foumtodon- 

Ne  »ta tad  data  requirement* 

Tkui  ABM 

« 

Smitheonto*  bietlutlca- 

Ne  eta  tod  dau  requlranwata 

M 

•kiktgto.  oc. 

U 

0  J.  Navy— Chief  Naval 

No  ■  to  tod  data  requirement*- 

•• 

C^a  rattan* 

lac  faded  la  Naval  Weather 

B# price—  No*.  71  and  T1 

94 

M 

0  J.  Navy— ftafteioglcal 

Ne  etotod  data  requirement* 

ttefaaaa  Uboratory 

.  M 

V  J.  Navy— Mia*  Detonee 

Mae  dafane*  Incbedii^  inehore 

f  1 

’ 

Ubaratory 

amdorwutor  an*  warfare 

M 

Naval  Oceanographic  QfBoa— 

Oe*nocr*pbk  environmental 

.  AaCiaubmarina  warfare 

prediction  technique*— 

Environ  m*  om<  pradiettea 

raeaarcb,  develop  meet,  teat 

ferviee* 

ami  evaluation 

•3 

«t 

KOO- Hydrographic  Survey* 

la  above  aurveya  {vxoapt 

Dept.  Node  90) 

North  America )—  maaaure 

depth  of  water  te  404  fathom* 

94 

m 

NOO-Daap  OB**r  ferraya 

Undarwatar  *nvi  roe  mental 

tPriatoa  feode  90) 

monitoring  to  provide  det* 

for  toat  rangua 

N 

m 

NOO-Ctoap  Ocean  Survey* 

fnvirmi mental  aurveya  at 

Otvtatoa  feed*  90) 

targe  »"•!  of  the  world  . 

oceeaa 

H 

TO 

MOO- Exploratory  Oeaaaofrapby 

Provide  Navy  with  Inf  or  ma¬ 

{coda  TO) 

tt**  tar  aaa  ie  aou^d  trene- 

rr 

Kdaalon  p  rob  to  me 

71 

Naval  Waathar  Service— 

Support  airborne  ope  rati  ana 

•94 

Airborne 

71 

Naval  Waataar  Sarric#- 

fctopert  water  aurfece  and 

•99 

Ocaaa 

aabmtrfbce  oporattaaa 

73 

Pacific  Mleaito  Raaqa 

Btpport  Pacific  miaalto  range 

Paint  Ifijgu,  Calif 

74 

Applied  Phyaiea  Uboretary- 

No  atatnd  Wta  reqalremewte 

pw  veratty  at  Waahiaftca 

. 

» 

No  »t*toJ  hta  requirement* 

(Requirement*  met  by  K.O- 
c«*»  >1,  No*.  44  and  «•) 

Ha— arch  on  Iorf»-oe*l* 
factor*  affeettag  trenemiaaion 
at  underwater  aound 

K— ti  cb  OR  email -acal* 
factor*  affecting  traaemiaaion 
at  ondarwator  mod 

No  ttatnd  ttata  requirement* 
Tenting  of  deeply  wife  merged 


>1 

MlM 

Acouette  raypeth  atodioc 
Taat  *♦*- worth!  one*  at  efaipe 
No  eta  ted  data  requirement* 


Agency  (activity) 


Office  at  Naval  Reeaarch— 
Seripp#  laatltuttoo  of 
Oceanography 

Atomic  Energy  Commlaelan— 
Bcrlppe  faaututioa  at 
Oceanography 

Office  of  Naval  fteeearch— 
Wood*  Kola  Oceanographic 
inou  twtioa 

Off! co  of  Naval  Aeeeerch— 
Neva  IMiveraity 

Naval  Under*#*  Warfare 
C#n«ar  (coda  D803) 

U  J.  Navy— KAVAIRSY  3COM 
(AUl-MOl) 

federal  Aviation  Adtatai  attri¬ 
tion 

Department  at  tha  Interior— 
Geologic*]  Survey 

National  fclonco  t oundttlon— 
Meeaecbueett*  Inatitvrtv  of 
Technology 

National  Science  foundation— 
MMauchueetta  tnatltuto  of 


Ml aafon-opa ration  (program) 


Naticnul  Briar 
Maaaacbanatta  taetttut*  of 
Tvctooitwy 
National  Srtonee  foundation—  • 
Maaeecheeett*  taetttut*  of 
Technology 

National  Oceanographic  Data 
Cawtar 

Naval  Civil  Eafnaeriaf 


Bur***  of  Corn  martial 
fieheriee— Honolulu 
Buraaa  of  Commercial 
fiahariaa-Aak*  Bay.  Ala  aka 


Reeaarch  on  the  large-ecal* 
flue  tun  Ilona  of  lha  ocean¬ 
ographic  and  meteorological 
condition*  of  the  Norik  Pacific 

Reeeerch  on  near -bottom 
currant*  la  tha  Heine 

fteenarcb  on  Calf  Servant 


Maaaura  of  velocity  Raid 
and  mat*  field  la  wrong 
currant* 

Reaearrh  on  undarwator 
aounJ  propagation  pattama 

Developing  analyatc  and  fore- 
caeting  technique*  to  euppori 
Naval  Waathar  Banrlcn 

No  etatod  <tata  requirement* 

Ne  etatod  data  requirement* 

Reaearch  on  general  el  real* - 
Uon  of  tha  almoaphar*  and 

oceana 

Raaaarck  on  to  tome!  gravity 
•area 

Raaaarck  on  Roaeby  *»t«* 

Research  on  air/aan  boundary 
layer 

No  atatnd  data  requirement* 

No  mead  data  require  manta 

Baaic  malar  mesa  atndlaa 

Reeeerch  on  environment  of 
Rah  la  Alaakan  water* 


•Added  Airing  refine  man  t  program 
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2.2  Comparative  Tabulations 

The  goals  of  this  phase  of  the  1968  analysis  of  the  1967  statements  of  data 
requirements  were: 

(1)  To  determine  how  the  sensing  characteristics  of  these  statements 
compared  with  each  other,  and 

(2)  To  use  the  1967  statements  of  data  requirements  to  validate  or  modify 
the  sensing  characteristics  of  the  hypothetical  "systems"  postulated  during  the 
1967  NDBS  feasibility  study. 

As  a  means  toward  achieving  these  goals,  comparative  tabulations  were  prepared  for 
the  statements  of  data  requirements  from  both  operation  and  research  activities.  To 
keep  these  comparative  tabulations  as  simple  as  possible,  only  certain  required  key 
"system"  characteristics  and  only  those  parameters  judged  to  be  measurable  by  buoys 
were  included,  because  it  was  a  reference  data  buoy  "system"  that  was  needed.  The 
required  range  and  accuracy  for  each  parameter,  although  key  characteristics,  were 
too  variable  to  include  on  this  simple  comparative  data  tabulation  sheet,  so  they  were 
compared  separately,  both  against  each  other  and  against  the  5-year  projected  buoy 
state-of-the-art  (SOA).  To  obtain  the  projected  5-year  buoy  SOA  measurement  capa¬ 
bility,  including  the  parameters  as  well  as  the  ranges  and  accuracies,  reference  was 
made  to  the  5-year  buoy  SOA.  (See  Table  3-1,  Ref.  1. )  The  various  terms  for 
similar  parameters  were  collapsed  into  one  primary  form  and  standardized  units  of 
measurement  were  established.  This  and  other  pertinent  information  is  presented  in 
modified  form  here  as  Table  2-2.  Using  this  table  to  determine  the  parameters  that 
were  considered  measurable  by  buoys  and  their  measurement  category,  the  compara¬ 
tive  tabulations  of  the  1967  operational  and  research  data  requirements  were  prepared 
as  Tables  2-3  and  2-4  respectively. 

The  comparative  tabulations  (Tables  2-3  and  2-4)  present  the  specification  of  the 
1967  data  requirements  by  AMOs,  as  interpreted  by  TRC,  in  a  form  for  easy  compari¬ 
son.  The  details  on  the  characteristics  of  the  data  requirements  are  at  the  left  of  the 
table;  details  on  required  parameters  are  at  the  right  of  the  table.  More  complete 
definition  of  the  AMOs  listed  in  the  first  column  of  these  tables  is  given  in  Table  2-1. 
Under  requirement  characteristics,  the  geographical  locations  from  which  data  are 


required  (in  columns  2  and  3  of  Tables  2-3  and  2-4)  and  the  spacing  of  the  requirements 
in  the  horizontal  (columns  4  and  5)  are  broken  down  into  the  Coastal  North  American 
(CNA)  and  Deep  Ocean  (DO)  regions.  In  the  preparation  of  this  information  (columns 
2,  3,  4,  and  5),  the  validated  specifications  for  these  characteristics  were  charted  as 
a  check  of  the  completeness  of  the  statements.  These  graphic  displays  of  the  stated 
characteristics,  including  the  resultant  number  of  required  buoys,  are  similar  to  the 

ones  for  the  refined  data  requirements  presented  in  Appendix  in.  - — . 

The  vertical  layer  from  which  observations  are  required  and  the  vertical  spacing 
of  the  observations  in  those  layers  are  presented  in  the  6th  and  7th  columns.  The  dura¬ 
tion  (or  discrete  time  span)  required  for  a  single  measurement  of  a  parameter  and  the 
frequency  with  which  observations  are  required  are  entered  in  the  next  two  columns. 

Of  the  last  three  columns  of  requirement  characteristics,  the  first  two  cover  the 
synchronization  (or  total  allowable  time  lapse  among  supposedly  simultaneous  obser¬ 
vations),  both  in  the  horizontal  (a  geographical  region)  and  vertical  (down  a  line  of 
ocean  sensors  and  up  into  the  atmosphere).  Finally,  the  last  column  shows  the  total 
period  of  time  over  which  the  observational  program  will  be  required. 


TABt.E  2-2 

PROJECTED  3-YEAH  BUOY  STATE-OE-THK-ART  <SOA> 
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TABLE  2-2  (Continued) 


Pa  rn  meters 

Projected  5-year  buoy  SOA 

Requirement 

measurable 

Atmo¬ 

sphere 

Pot'l 

Better 

flange 

by  buoys 

tional 

search 

Ocean 

So  r  face 

tech. 

by  non- 

Units 

Min. 

Max. 

Accuracy 

. 

_ 

prob. 

buoy 

H.  BIOLOGICAL 

X 

X 

X 

X 

GROWTH 

*>.  BOTTOM 

X 

X 

X 

X 

PHOTOG¬ 

RAPHY 

10.  CARBON 

X 

X 

X 

atmos 

10"» 

12  *  10'4 

3  pet 

DIOXIDE 

11.  C'JIIHENT 
DIRECTION 

X 

X 

X 

X 

decrees 

0 

.560 

5* 

12.  CURRENT 

X 

X 

X 

X 

knots 

0.05 

10 

0.03  kts 

SPEED 

or  1  pet 

LI.  DEW  POINT 

X 

X 

X 

decrees  C 

-25 

40 

0.2°C 

N.  ELEC.  VOL. 
CONDl’CnV. 

X 

X 

X 

mmho/cm 

10 

• 

GO 

o.oi 

mmho/cm 

in.  GRAVITY 

X 

x 

X 

• 

mgala 

.95  *  10® 

106 

2.0  mga! 

Ifi.  ICE 

X 

X 

X 

Inches/hr 

0 

6 

1  in.  /hr 

ACCt'Mi:- 

I-ATION 

1 

. 

,  1 

IT.  INC  UNA- 

X 

X 

X 

degrees 

0 

90 

r 

TION 

1H.  INSOLATION 

X 

X 

X 

ly/min 

. 

0.0! 

2.0 

1  pet 

111.  MAG.  ELD 

X 

* 

X 

X 

X 

degrees 

0 

180 

1* 

DEC  IJNA  T. 

j  -’ll.  MAG.  KI.D. 

X 

X 

X 

X 

X 

degrees 

0 

180 

r 

INC  IJN.AT 

.  1.  MAG.  FLD. 
INTENSITY 

* 

X 

X 

X 

■ 

X 

gammas 

104 

105 

1  gamma 

22.  OXYGEN 

X 

X 

X 

X 

ml/liter 

0.5 

9 

o.l  ml/] 

22.  pH 

X 

X 

X 

X 

pH  units 

.1 

13 

-e.2 

24.  PRECIP1- 

X 

X 

X 

inches/hr 

0 

12 

0.01  in. /hr 

TATI  OS’ 

RATE 

25.  PROPAOA- 

X 

X 

X 

X 

decibels 

10C 

10  kc 

3  db 

tion  i. oss 

2 0.  HADHV 
LOGICA  t. 

X 

X 

X 

2  pet 

_ CHEMICALS 

— 

. 

27.  SEDIMENT 

X 

X 

X 

X 

feet 

0.5  ft 

PE  Pi  i(SIT 

Av. 

_’S.  TIDAL 

X 

X 

X 

X 

X 

. 

feet 

0 

60 

o.t  ft 

F  M’CTTA- 
TTON 

20.  YOTA!. 

cloud 

X 

X 

X 

X 

X 

percent 

0 

100 

lo  pet 

AMOI.’NT 

20.  TOTAL 

X 

X 

ly /min 

0.01 

2 

1  pet 

RXDIATION 

IN 

. 

TABLE  2-2  {Continued) 


Parameters 

. 

Projected  5 

-year  buoy'  SOA 

Requirement  j 

ujyer  required 

Pot 'I 

Better 

Ranee 

measurable 

€^>e  ra¬ 
tional 

Re¬ 

search 

Atmo¬ 

sphere 

by  buoys 

Ocean 

Surface 

tech. 

prob. 

by  non¬ 
buoy 

Units 

Min. 

Max. 

Accuracy 

31.  TOTAL 
RADIATION 
OUT 

X 

X 

X 

ly/min 

■ 

0.01 

2 

1  pet 

.12.  TRANS¬ 
PARENCY 

X 

X 

X 

pet/ meter 

0 

70 

2  pet 

33.  TURBIDITY 

X 

X 

X 

X 

parts /ml 

1 

1000 

1  pt/ml 

34.  VERTICAL 
CURRENT . 

X 

X 

X 

knots 

0.1 

0.8 

0.05  knots 

35.  VISIBITJTY 

X 

X 

X 

naut.  mi 

0.1 

20.0 

0.2  n.  mi 
or  1 0*r 

36.  WATER 

LEVEL 

X 

X 

X 

teet 

-30 

•30 

0. 1  ft  or 

2  pet 

37.  WATER 
PRESSURE 

X 

X 

X 

pel 

0 

1 04 

0.1  pet 

38.  WATER 
TEMPER¬ 
ATURE 

X 

X 

X 

X 

degrees  C 

.. 

5 

40 

0.01'C 

39.  WAVE  DIR. 
SPECTRUM 

X 

X 

X 

degrees 

0 

■ 

360 

5- 

40.  WAVE  ■ 
HEIGHT 

X 

X 

X 

feet 

0 

100 

0.2  ft  or 

10  pet 

41.  WAVE 

PERIOD 

X 

X 

X 

seconds 

1 

40 

0.1  3ec 
or  1  pet 

42.  WIND 

DIRECTION 

X 

X 

X 

degrees 

0 

‘ 

360 

2* 

43.  WIND 

SPEED 

X 

■ 

■ 

X 

knots 

0 

160 

0.5  kts 

3  pet 

. 

Added  in  1968 
Refine  rnent 

1 

MOORING 

LOAD 

B 

pounds 

0 

IS, 000 

5  pet 

PICTURES  OF 
FISH 

X 

D 

X 

SUB  SFC. 
INSOLATION 

B 

1 

X 

ly/min 

0 

- _ 

2.0 

1  pet 

SECONDARY 

■ 

■ 

■  1 

BH 

1.  INTEGRATED 
WIND  FORCE 

x  r" 

V 

X 

■ 

dynes/cm2 

■ 

107 

ib  pet 

2.  INTEGRATED 
WIND  SPUED 

X 

X 

— 

X 

knots 

■ 

160 

0.5  kts 
or  3  pet  ■ 

3.  RESULTANT 
WIND  DIR. 

X 

X 

X 

■ 

degrees 

0 

360 

10* 

4.  RESULTANT 
WIND  SPEED 


X 


knots 


87 


0.5  kts 
or  5  pet 


TABU:  2-2  | Continued) 


Pars  meters 
mensurable 
by  buoys 


Requirement 


Ot>'r»<  Ra¬ 
tional  sea  rch 


Layer  required 

Atmo-~1  Pot’l  I  Better 


Projected  5  year  buoy  SOA 


Range 


Ocean  Surface 


sphere  tech,  by  non-  Lnit* 
prob.  buoy 


'j. 

SA  UNITY 

6. 

SEA  STATE 

7, 

SOUND 

— 

SPEED 

'  8. 

SPECIFIC 

HUMIDITY 

9. 

WAVE 

DIKECTION 

A<Wed  in  jsfifl 

Rrfinenwnt 

FOG 

WATER 

DENSITY 

Parameters 
beyond  5 -year 
buoy  SOA 

1.  Air  Density 

2.  Biological 
Pa  ra  meters 

3.  Bottom 
Sampling 

4.  Chemical 
Parameters 

5.  Chlorophyl 

6.  Cloud  Base 

7.  Cloud  Top 

8.  Cloud  Type 

9.  Cosmic 

R  \dintion 

10.  £H 

11.  Flux -heat 

12.  Flux-mass 

13.  Flux-  ' 
momentum 

14.  Flux -water 
Vapor 

15.  Ice  Breakup 

16.  Ice  Crystal 
Size 

17.  Nitrates 

18.  NutrienU 


0 

42 

0.01  ppt 

_  ;  ;_0 

,.:o 

1 

4500 

5800 

1  fps  - 

0 

20 

‘'.1  itm/kn 

0 

380 

19.  Ozone 


X 

X 


X 


TABLE  2-2  (Continued) 


Parameters 
beyond  5 -year 
buoy  SOA 

Requirement 

l^iyer  required 

Parameters 
beyond  5 -year 
buoy  SOA 

Requirement 

Layer  required 

Opera- 

tionul 

Re¬ 
sell  rch 

Ocean 

Surface 

Atmo¬ 

sphere 

Opera¬ 

tional 

Re¬ 

search 

Ocean 

Surface 

Atmo¬ 

sphere 

20.  Phosphates 

■  | 

X 

X 

21.  Plankton 

1 

X 

X 

30.  Sediment  Rate 

X 

X 

22.  Proposition 

K 

X 

31.  Silicate 

X 

X 

Loss  (U/A) 

II 

32.  Stability 

X 

X 

23.  RAOB 

E  . 

X 

33.  Vertical 

X 

X 

(T.  P,  HID* 

— 

----- 

Motion 

24.  Rawin  (wind)* 

X 

X 

X 

:M.  Visibility 

X 

X 

25.  Rawinsonde 

(U/A) 

(T.P.  RH,  V)* 

■  /■  /'■ 

X 

X 

35.  Vorticity 

X 

X 

20.  Refractive 

ipSEI 

X 

X 

Comp,  (x.y) 

Index 

sK-.  , 

27.  Reynolds 

j  1 

X 

X 

Added  In  19S8 

Stress 

Refinement 

28.  Sediment  Load 

X 

X 

Oist 

X 

. 

X 

29.  Sediment 

5 

X 

X 

Toxic  or 

X 

X 

Movement 

Trace  Metals 

•Advancements  are  being  made  in  upper-air  soundings  from  ocean  surface  platforms  -  probably  humidity,  pressure, 
and  temperature  will  he  available  first. 


On  the  fight-hand  aide  of  the  comparative  tabulations,  the  required  parameters 
considered  measurable  by  buoys  are  presented  in  three  measurement  categories. 

These  categories  are:  first,  the  parameters  that  were  judged  in  the  1967  Feasibility 
Stuffy  to  be  most  cost-effectively  measured  from  buoys;  next,  a  subgroup  of  tliat  first 
group  for  which  there  appear  to  be  potential  technical  problems;  and,  finally,  the 
group  of  parameters  that  are  probably  better  measured  from  some  platform  other  than 

bucys.  .  .  ' _ _ _ ; . . . . . .  .. 

These  comparative  tabulations,  plus  the  information  on  required  ranges  and 
accuracies  of  parameter  measurements,  present  the  best  available  information  de¬ 
lineating  the  1967  data  requirements  in  a  concise  and  manageable  form _ This  infor¬ 

mation  was  used  as  a  basis  for  developing  sensing  capabilities  concepts  of  the  tenta¬ 
tively  proposed  (for  a  reference  framework)  data -buoy  "system.  " 

2.3  Tentatively  Proposed  NDBS  Sensing  Characteristics 

To  determine  the  sensing  characteristics  of  a  hypothetical  data  buoy  "system"  to 
be  used  as  a  reference  for  the  refinement  of  data  requirements  by  the  agencies,  the  , 
comparative  tabulations  of  operational  and  research  requirements  (Tables  2-3  and  2-4) 
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TABLE  2-3.  COMPARATIVE  TABULATIONS  OF  1967  OPERATIONAL  DATA  REQUI 


RE  ME  NTS 


ACQOTItXMZMT  CllARACT*R»T!Ca 


Oi«<TipMe*l  Lmtka 

H orlx octal  Spacing 

Vertical 

Layer 

Vertical 
ear- pile* 
Intensity 

vm.  a 

Deration 

of  • 

aben  rrstlos 

Time 

sampling  _ 
Intensity 

- f-^r 

A 

oiObm. 

1 

DparnUaiit 

AMO 

Coastal  H.  A. 

(CfAAj 

Ouep  Cmu 

{DO 

CNA 

DO 

17 . 

USAflAWlft 

A  W  Teal  Range 
■ecoverv  titu 

mu  near  FtaweH 
md  -  30*N.  «0 «W 

JOO  *o 

too  ml 

8Sa 

M/A  j 

ast. 

mta 

A  mb* 

• 

bra 

Ibr 

M/A 

Com.  § 

8  day*  jc 

***  1 
time  H 

it  M 

UIAffAWM  L 

a 

Oitf  <rf  Mil. 

Ines  from  »"M.  #5"W 
«# !a  pts  at  30 '54  . *<  j 

100  ta  300*! 

ltd  ml 

M/A  <t  plat 

Mb 

1 

M/A 

1  : 

net.  5.  10  mis 
net,  5  mtn 

Le#.  1,  10  mb* 

a 

hr* 

A.Tt 

bre 

1  br 

M/A 

1  hr 

N/A 

1 

CoM.  || 

8  days  ® 
at  a  k 
time  J$ 

ft 

*•  ia-'A*r»-?4.  ar'*  | 

♦  3 

MMPiAWA 

Global 

300  to 
•00  a.  ml 

Me  tbra 

Mel 

W  m 

het 

13  brs 

30  ala 

Mot 

stated 

Cent,  ft 

#14 

acr- 

LaJoIls 

**cirir  COM4 

iO*S  ki  Alaska 

Pacific  const  to 

M0*W.  3#* 8  to 

Alaska 

an  to 

•as  n.  ml 

*0  to 

Id  a.  ml 

Me  to  500  m 
transpt 
arc  to  too  m 

ltd  levels 
transpl 
l*nk 

mla 

IA  mla 

I'ak  (trsnepi  , 

•  bra 

30  mia 

8  mta 

Cent.  K 

#1* 

acr- 

W«rt„  D.  C. 

•nciflc  Cooat 
»*S  la  Alaska 

Pacific  Conat  to 

1*0*8.  30*8  lo 

Alaska 

M  to 

>40  n.  art 

*0  to 

340  n.  ml 

arc  to  om  m 

*  hot  | 

t 

Md  levels 

Mot 

ttsted 

*  bra 

»tp*a 

8  mta 

Coat. 

#33  . 

1*900 

o«v 

X*v  "V  at  _ 

d*M,Sl*W 

3  o«v  |»  s.  All. 

3  Otv  In  x.  Par. 

M/A 

11  pU 

M/A 
(»  P*#l 

are  to 

near 

bottom 

3.5.  IS. 
150.300 

ta  500 
fW-pral 

15,30.  | 

500  A  | 

#| 

MM  A  Dp 

3*  mis 

4  bra 

M  mta 

30  mla 

Com. 

*u 

vsco 
aw.  Sk-i 

7  Track*  »  AU 
•  Track*  I*  P*c. 

3  Tracks  is  AU. 

«  Tracks  la  Pke. 

10  ml*  150 
*0  ml  >  150 

*0  ml 

arc  to 

near 

bottom 

1,  ji 

30  mis 

4  bra 

30  mla 

*>m» 

Cent. 

•25 

i-aco 

It*  PMroi 

Grand  Banks 
o#  Nawfoundlwd 

IS  to 

30  ml 

etc  to 

near 

bottom 

10  to  »  mla 

4  bra 

30  mta  | 

30  mla 

Cent  | 
Peb—  | 
July  g 

irt 

race- a  a* 

Ocean  ima  contiguous 
to  IlKP  VS 

Varlea 

a/opsr 

arc  to 

near  bottom 

30  mla 

Varies 
a/cp er 

30  mis! 

1 

30  mta 

Intmitt  S 
'  3  vka  S 

ra 

isco 

Owwa  - 
Services 

Um  -  SO  ml  off  C.Cd 
Line*  Hi  Lr.f.  abelf 

Wide  mu  AU. 

Untd  mu  Poe 

100  ml 

300  ml 

Varlea 

BTc  la  nr  bat 

arc 

9fc  to  ar  bat 

10  t»  10  mla 

30  rala 

Simla 

•  bra 

I 

30  rala 

1 

30  min 

1 

Cel  9ts^ 
Cent.  S 
otfun*  S 

30  days 

race-  r<* 

On-akinf 

Arctic 

and 

Antarctic 

Mel 

aisled 

arc  to 

sear 

bottom 

30  mm 

•  bra 

30  mm 

30  mta 

Com  2 

I  me.  an 

dJM- 

CAC8  (HAO> 

Entuarice*  unr  skoee 
Coni,  sMIf 

flTvd**-  8  Par.  onlv) 
Deep  Ocean 

3  mi 

5  to  (Tv*  -  300  mil 

100  mi  1000  ml 

arc  to  Hot 

1 

10  m 

10  m 

•  50  m 

0  mm 

t 

•  mm 

1 

18  dam 
48  Aae< 
•  mo 

3  ml* 

1 

Fj 

#31  E9SA- 
•;*ca  (SAG) 

Deep  Ocean 

2000  ml 

arc  or 

nothin  9S  vto 

M/A 

3  sec 

b  mm 

f  mm 

M/A 

Coni.  | 

not  In  | 
t+ot  | 
1*  | 

#3J  E9BA- 
C *05  (8*0 

CoM.  rt*N 

a  to 

300  ml 

Mr  oe  * 

wttbtn  30  m 

M'A 

b  see 

ft  mm 

t  mm 

M/A 

♦M 

ES8A-W8 

N.A.  C#l  «■  400  (». ml 

>400  n  ml  from  N.A. 

00-100, 
30—50,  a.  ml 

»00  to 

500  n.  ml 

9Tc  to 
unknown 

50  m 

50  m 

Mel  ee 
sbaet  ye* 

‘  1  bra 

If  bee 

10  ala 

10  mm 

j|  1  min 

1  mm 

“  1 

*34 

r*A-WB 

N.A.  Cat  '  400  ft,  ml 

>400  n  ml  from  #A 

*0-100, 

IP— 100  a.  mi 

200  to 

500  a  . ml 

arc  to 
■jnknmen 

50  m 
•A  m 

Met 

met 

3  1  Me 

If  bra 

10  mm 

1#  mu 

1  mm 

1  mm 

c«  j 

#33  PS8A- 
WfWWWWi 

Global 

300  to 

*00  a. ml 

STc  Amen  | 
thru  tfcei  | 

50  m . 

met 

If  bra 

30  mla 

Mol 
at*  ted 

Coat  J 

I 

•3* 

fWPCA 

Great  Lakn 

Coaaul  entuartra  A 
P\i«el  hml 

1  Burn 
re.  400. 

4.  1/4  a*  ml 

w«  . 

to 

bottom 

0.  30.  *0  ft 
aad  rack 
*0  m 

1  mi» 

5  min 

bHy 

1  br 

10  mia 

C««». 

some  ftre* 

7  mo/yr  f 

•«7  vno- 

C«*r  «*♦ 

ta  *00  m  drfO-lX  Aeti 

9.A.,  Afr.  E*.  Astrt 

•ingle 

Me  to 
bottom 

MA 

met 

1  ab  site 
(TV*.  |  br) 

M/A 

M/A 

one  Wm# 

J  mo. 

'*4 

sno 

Cot*  *0 

Atlantic 

Teal  ran#* 

•Ji-X.  77 ■% 

Ail.  A  T*ae  *an#*e 
-|7*N,  b'*W 
-  |ITN  *7-W 
'»*X,  ISO**# 

1  to  10  pt* 

10  to  30 
a.  ml  atm ct 
In  ta  ran#* 

1  U)  10  pis 

10  to  30 
ft.  ml  apart 
tft  ee  ran #• 

Meed 

layar 

to 

bottom 

NaOnArl, 
#00  m  tbH-er 
knt .  io  m  ar 

bottom 

met 

1  min  Aej 

S  mla 

1  mta 

1  mm 

5  mm 

« 

Cent. 

M» 

vmv. 

Cod*  M 

Global 

Oat 

aim 

at  a 

Unw 

Varlea 

Coat. 

(Carr  1000  ml 

Nuft 

to 

10  mla 

1  br.  tbra 

once  a 

•lea 

3  mla 

3  mla 

Com. 

*71 

V9N(>n#*> 

Airborne 

Global 

300  to 
•00  ml 

arc  to 

1MK  h  abe 

lb  to  #0b  Jfc  to 
70b,  5b  to 

10«b  ft 

Inst 

(IMS*,  end 

10  mini 

4  Me 

i  br 

1  br 

c«.  | 

tit  t'SN 

(tfWSi  Sfr 

*  Subsfc 

Global 

3*0  to 

*00  ml 

arc  to 

bottom 

8td  IAPSO 
level* 

met 

<mtsf.  ead 

10  mini 

if  bra 
(Oceenol 

0  bra  (Mel 

1  br 

1  br 

Com.  j 

..  . .  1 

*73 

rsN- 

PMR 

PI  Mufw 

33  5*M  1»*W 

Barking  land* 

m  i*o  "a* 

Vane* 

Generally 
-  »  lo  50  mi 

Sc  to 
bottom 

(mas  4751  m) 

Cant 

tnsi 

(Cvrr  30  mini 

0  bra 

18  mb 

«  18  mla 

t 

CoM.A^ 

man  1 

-Jh ij 

•  Varies  with  p erametrr# 
'And  wind 


\ 


I 
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lili 


li 


1*  W*  1  m*  cmm. 


|u«*. 

*•#* 


■gi!!!!EiiiiiiBiaiiiiiiiiiii 

■■■■■ 

^eissEs 


WA  I  A/A  hi  y« 


Coni  lor 

1VA  H/A  .Syr* 

Ht  yM  ’ 


I 


TABLE  2-4  (Continued).  COMPARATIVE  TABULATIONS  OF  1967  RESEARCH  DATA  REQUIRE  ME 


REQt wffMnrr  CMsiwcTrRirriri 


(ie-ngraphiraJ  Location  j 

HoettceiUl  Spacing  | 

Vtrtlrtl 

layrr 

Vertical 

Sampling 

bilmalty 

Danlua 

Tim# 

Smeb  of  (9m 

Period  | 

W radon  1 

t 

AMO 

Coastal  H  A 

(CNAl 

Deep  Oman 

<rW>* 

CNA 

DO 

b**mtito 

at  malty 

a.  r 

* 

*7  Nfl?- 
V  of  MUixl 

Coast  of  S  A  1  of 

49*N.  W  of  7014  * 

*  of 

V  lo  •«•>  W  of  TORN. 
tafMM 

-Inal 
to  fit  fcrt. 

fMt  and 

lab 

Sfc  to 
bwttotn 

23.  SO  )00.  IS#  90# 

4  earti  ISO  m 
(«.  tmpt  «ar  *  dvpai 

bwrt  to 

)  min  orf 

a 

Cab 

fata 

)  Mta 

CoM. 

444  KIP* 
l'.  or  Miami 

J3*N  to  9**N  amt 

74  Ny  to  arw 

ifclecwd 
area*  nmbi 

are  4  bad 

M/A 

ton!  •  abort 
Bar  4*g.  . 

0  bro 

94  bra  4 

6  min 

30  mm  . 

6  min 

Coat. 

«»  Mar¬ 
i'  of  Miami 

irN  lo  1 ?"9  <• 

At)  4  P*c  Or#  ana 

J'N-l’S  IS  ml 
l'-7**t  4930  mi 

ml  t.  tort 

Ml  owatf*  cm rr 

Sfc  to 

400  m 

l  c  w  VOOO  m 

#.  10  .  99.  30  Mih 
for  !«»#r  tor* la 

Cl* 

1  M»r 
day 

Mod 

aUtod 

CoM 
to  2  yfo 

lW« 

more 

1 

i 

: 

•SI  jitr- 

fWfoa  »  l’ 

10#  ml  aa  centered 
at  4S*N.  126-to 

t'nk 

lie— loo  m 
lie- 152  to 
ito» 

S  !*««<• 

Lnfc 

6  to 

90  toto  u*k 

a 

Vartoa 

coat. 

4  mta 

Lab 

font. 

•  mow. 

no  •  inter 

•sj  sar- 

Lai*>on( 

Gecph*  (*>• 

Ctoep  stagnant 

baa  m a  in  the 

Pacific 

1  —  3  bwrt 
par  baam 

SO  km  hto« 

Rottom 

isoo 

24  m  nr  .  (M 

S#  to  hl#*r 

*  10  aor 

30  «to 

M/A 

2  mla 

CoM  mf 

break# 

not  la 

ep»r*r 

no* 

rd 

•S3  v*r- 

I.Ajmwri 

Antarctic  l%far 
fro"!  An  (ion 

13  to  30  ml  la 

2 SO  ml  linn 

are  to 

2  S0  m 

94  to 

1  »la 

1  br 

99  ala 

2  mto 

•  V4  Kir* 
Lament 

GtbraiUr  Caribbean  , 
Vtwiwlt  Baam 

1  ftiton 
par  baaia 

Botuam 

N  'A 

<llat 

99  mis 

M/A 

M/A 

•ss  s«r- 

UWMl 

Alone  aba  If  of 

Wedrtel  Saa 

IOo  mi  apart  m 

Una*  -  200  ml  lone 
(3  ttnaai 

Bmtotn 

M/A 

19  a*e 

19  alb 

2  a* 

M/  A 

•m  Kir- 

... 

Oat  Cooat  A  Golf 
•  ream 

World  (Wan a 

200  to  300  mi 

20  ml  la 
at  rose 

curr 

20v>  to  300  ml 

20  ml  t» 
atmif 

ewrr 

arc  to 

bottom 

«oo  » 

20  mm 
a*g 

4  Lra 

2  bra 

2  bra 

Coat, 
•ot  y 
Mart* 

*4 

*d 

•67  Mib* 

nyv 

Eaa(  Cooat  4  Golf 
(Bream 

World  Or*  m  a 

200  tc  300  mi 

20  ml  In 

atroag 

cwrr 

200  to  300  idl 

20  mi  in 

atronf 

eu  rr 

♦  20  m  tv 

are  to  •  1004  to 

•  S.  10.  20  m 

1$  tor* la  nr. 
to- 1000  w. 

2#  mta 

»*« 

•  bra 

2  bra 

2  bra 

•Sn  KIT- 
Wooda  Hot* 

Area  N  of  32*N  E 

TJ-W,  Waf  45NV 
mNM  40-N 

»*N  to  40*N  and 
•  S’  to  7S-W  ala* 

Global  Mooting! 
of  opportunity 

4  a  ml  In  Gulf  Stream 

20  n  ml  aula  Ida 

Gulf  Btrram 

t‘l* 

Log  *»-rtne 
llmltod  try 
looting 
f*  art  abto* 

tool  to 

3-1/3  tote 

a*f 

• 

2  br 

19  ala 

19  aoc 

Coot. 

l 

•s*  M*r- 

IV  of  VHk. 

Columbia  (Over  to 
*00  mi  W  300  ml  9 
and  700  ml  N 

NE  Pacific 

4#*N  (o  49’M 

I4*w  lo  CNA  * 

3  to  25 

ml 

3  lo  29 

wt 

Sfc  to 

SO  m 

0.  3.4.  9.  12.  1$. 

94.  24.  30.  40.  30  m 

10  mta 

i  bra 

l«  a* 

I  mla 

... 

Com 
-  1971 

i 

I 

M2  SmitJt- 

MalM  1 

Nor?  a  Laird 

Not  stated 

10  ml 

10  ml 

Sfc  to 

2A0  m 

3  46.  130.  1M 
a-d  2*0  m 

Not 

stated 

«4  bra 

Not 

•tai#d 

Cm rt 
not  yet 
atari  nd 

i 

•AS  L9M- 
Mlne  Def 

us 

Gw  If  of  ibt.  war 
Panama  City  out  lo 

000  ft  drptha 

*e- 10  ml 

Sub-arc  ]  .'4  mi 
ewrr  )  ml 

flfe  to  bo* 

Bot  mu 

300  m 
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F  1967  RESEARCH  DATA  REQUIREMENTS 
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TABLE  2-4  (Continued).  COMPARATIVE  TABULATIONS  OF  1967  RESEARCH  DATA  REQUIREMENTS 


Geographical  Local  km 


Coastal  N .  A. 
<CNA) 


•  MONK.  Fast  Coast  33* N 
Vkoorfa  Hole  to  4S*N 


Dr»p  Or*  a* 

(DO) 
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were  used.  Emphasis  was  given  to  operational  requirements,  because  they  were 
better  defined  and  of  longer  term.  Also,  certain  operational  requirements  were  equiv¬ 
alent  to  some  research  requirements.  In  selecting  sensing  characteristics  based  on 
Tables  2-3  and  2-4,  consideration  was  also  given  to  commonality  (or,  redundancy)  of 
data  requirements  and  the  technological  feasibility  of  developing  suitable  sensing  capa¬ 
bilities  within  the  next  five  years.  From  this  analysis  emerged  certain  tentatively 
proposed  NDBS  sensing  characteristics,  most  of  which  were  comparable  to  those  of  the 
hypothetical  data  buoy  "systems’'  used  in  various  aspects  of  the  1967  feasibility  study.* 
The  first  step  in  developing  the  hypothetical  "system"  was  the  selection,  using 
objective  criteria,  of  parameters  to  be  included.  The  criteria  for  including  opera¬ 
tionally  required  parameters  were  : 


(a)  The  parameter  must  be  required  by  at  least  two  AMOs,  one  of  which 
must  be  for  operational  support  over  a  broad  expanse  of  ocean. 

(b)  The  parameters  must  be  judged  to  be  measured  best  by  a  data  buoy 
sensing  capability  (as  might  be  used  in  NDBS)  that  could  be  developed  without 
encountering  major  technical  problems,  and 

(c)  The  details  of  the  data  requirement,  including  characteristics,  must 
be  clearly  and  completely  specified. 


*A  principal  difference  between  this  "new"  hypothetical  "system"  and  those  used 
in  the  1967  feasibility  study  is  that  the  "new  system"  was  postulated  as  what  a  future 
NDBS  might  provide  in  the  way  of  sensing  capabilities  in  the  DO  and  CNA  regions.  The 
1967  "systems"  were  proffered  as  having  sensing  capabilities  that  would  satisfy  the 
stated  1967  requirements,  while  at  the  same  time  they  were  shown  to  be  economically 
and  technologically  feasible.  In  short,  the  question  to  the  agencies  in  1968  was, 

"Given  a  set  of  hypothetical  data  buoy  "system"  sensing  characteristics,  what  would 
your  statement  of  data  requirements  be?"  As  will  be  seen  in  later  sections  in  this 

report,  this  approach  served  well  in  clarifying  data  requirements,  and  in  addition - 

helped  make  the  agencies  more  aware  of  USCG  NDBS  DPO  development  efforts. 


21 


capabilitT  the^Cl6Ctl0n  01  20  paramfcters  proposed  for  the  tentative  "system”  sensing 

“M-  11,686  «—■  -**  meteorological  an,  tweive  «ea„ograph  . 

parameters  as  follows:  s  pmc 

Meteorological 

-  Air  temperature  - 

-  Atmospheric  electricity  -  Precipitation  rate 

Atmospheric  pressure  -  wind  direction  - 


-  Dew  point 
Oceanographic 

-  Ambient  light 

-  Ambient  noise 

-  Current  direction 

-  Current  speed 
Salinity 

~  Sound  speed 
~  Transparency 


~  Wind  speed 

-  Water  pressure  (depth) 
Water  temperature 

-  Wave  and  swell: 

~  Direction 
—  Height 
—  Period 


For  conventence,  tease  parameters  were  listed  under  tee  heading  "Best  Met  by  Buoys’’ 
on  tee  final  version  of  teeso  comparative  tabulations  (Tables  2-3  and  2-4)  The 
required  parameters  no,  selected  by  the  criteria  for  fnclusfve  are  listed  in  tee  iabu- 
lafions  under  ’’Potential  Toohnicai  Problems’’  and  ’’Better  Me,  by  Non-Buoys”,  and 

1,6  °USal!iea  *S  POtenHal  Parameters  whose  inclusion  in  tee  tenta- 

fiveiy  proposed  ’’system”  is  in  question  (here  termed  ’’grey  area”,.  The  reasons  for 
non-inclusion  of  tees,  ’’grey  area"  parameters  are  given  in  Aopendix Par,  A  (e.  g 
Bathymetry  -  better  done  by  moving  ships).  Some  required  parameters  the,  were 


♦NDBS  service  ship  capabilities  are  involved  here. 
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temporarily  set  aside  because  they  were  considered  beyond  the  5-year  buoy  SOA  are 
listed  in  Table  2-2.  * 

The  required  range  and  accuracy  characteristics  for  each  of  the  twenty  selected 
parameters  were  the  same  as,  or  slightly  less  stringent  than,  the  corresponding  pro¬ 
jected  5-year  buoy  SOA.  The  5-year  SOA  estimates  for  range  and  accuracy  met  all  the 
operational  and  many  of  the  research  requirements  for  the  twenty  parameters;  hence, 
the  appropriate  5-year  SOA  values  from  Table  2-2  were  proposed  for  the  tentative 
NDBS  sensing  characteristics.  The  other  requirement  characteristics  were  proposed 
as  a  result  of  commonality  analysis  of  the  24  sets  of  operational  requirements  pre¬ 
sented  in  Table  2-3,  with  consideration  given  to  the  similarities  and  differences  of  the 
research  requirements  (Table  2-4). 

The  results  of  this  commonality  analysis  (Table  2-3)  are  as  follows.  Of  the 
24  AMOs  with  operational  requirements  (see  col.  1,  Table  2-3),  there  were  20  re¬ 
quiring  data  from  the  Deep  Oceans  (col.  3)  and  more  than  half  of  these  had  large  areal 
ocean  or  global  requirements.  Of  the  20  AMOs  requiring  data  from  the  Deep  Ocean. 

11  also  required  data  from  Coastal  North  America  (col.  2).  In  addition,  there  were  4 
other  AMOs  that  required  data  from  CNA  only,  resulting  in  a  total  of  15  AMOs  requiring 
data  from  CNA.  In  the  57  sets  of  research  requirements  (Table  2-4),  36  were  appli¬ 
cable  in  DO  and  21  in  CNA,  but  with  very  few  exceptions  the  research  requirements 
applied  to  limited  areas  of  the  oceans  in  support  of  particular  studies.  In  performing 
commonality  analysis  using  Table  2-3,  the  horizontal  spacings  (cols.  4  and  5  of  Table 
2-3)  were  established  at  100  nautical  miles  (n  mi  )  in  the  CNA  and  500  n  mi  in  the 
DO,  as  was  also  done  in  the  1967  feasibility  study.  These  values  are  for  the  conven¬ 
ience  of  analysis,  since  an  actual  data -buoy  network  would  not  be  uniformly  spaced  but 
would  conform  to  the  variability  of  the  parameters. 

In  performing  a  commonality  analysis  to  determine  the  vertical  layers  from  which 
data  were  required,  it  was  found  that  the  stated  need  for  observational  data  extended 

*At  the  time  of  this  assessment  in  early  1968,  the  development  within  5  years  of 
an  operational  upper-air  sounding  capability  for  unmanned  data  buoys  operating  un¬ 
attended  for  long  periods  was  not  deemed  feasible.  Experimental  results  later  in  1968, 
however,  indicate  that  development  of  rocketsondes  for  automatic  launch  from  unmanned 
buoys  may  be  possible  within  that  time  frame.  Thus,  future  assessments  of  the  capa¬ 
bilities  of  data  buoy  systems  to  meet  marine  environmental  data  requirements  may 
also  include  upper-air  soundings. 


from  the  bottom  of  the  ocean  to  100,  000  feet  in  the  atmosphere.  However,  the  extent 
of  the  depths  from  which  data  were  required  was  often  vague.  For  example,  a  number 
of  AMOs  implied,  but  did  not  clearly  define,  the  need  for  bottom  observations.  (The 
details  of  required  measurements  in  the  vertical  and  bottom  observations  were  re¬ 
quested  in  answers  to  explicit  questions  sent  to  the  agencies  for  clarification  during 
the  1968  refinement  process. )  About  two-thirds  of  all  operational  and  research 

requirements  expressed  need  for  data  from  the  surface  to  1,  000  m  depth;  over  half  . 

the  requirements  extended  essentially  to  the  bottom.  As  in  the  1967  feasibility  study, 
it  was  decided  to  tentatively  consider  the  vertical  layer  from  the  surface  (top  of  the 
buoy  mast)  to  a  depth  of  5, 000  m  (which  includes  the  bottom  depth  in  over  80  percent 
of  the  oceanic  arja).  In  the  vertical  the  required  sampling  intensities  varied  widely, 
but  20  standard  IAPSO*  levels  were  judged  reasonable  (in  view  of  buoy  SOA  and  costs) 
for  the  tentatively  proposed  "system.  " 

For  the  conceptual  "system,"  the  time  sampling  intensity  (frequency  of  observa¬ 
tions)  followed  stated  requirements  of  six  hours  for  DO  and  three  hours  for  CNA.  This 
implies  essentially  real-time  reporting.  It  was  presumed  that  normal  system  flexi¬ 
bility  would  allow  for  more  frequent  data  from  particular  areas  when  needed.  The 
duration  of  observations,  which  varies  with  parameters,  was  proposed  to  be  instan¬ 
taneous  or  a  representative  short-period  average  of  up  to  ten  minutes.  For  the 
synchronization  of  observations  (the  allowable  variation  in  actual  time  of  observation), 
ten  minutes  was  proposed  in  die  horizontal  and  one  minute  was  proposed  for  synchro¬ 
nization  of  observations  in  the  veri'  .jd. 

. -v  These  values  for  the  characteristics  of  parameter  measurements  were  combined 

with  the  selected  parameters  and  their  re*  ulred  ranges  and  accuracies  (referred  to 
elsewhere  as  "max.  error")  to  compile  the  tentatively  proposed  NDBS  sensing  capa¬ 
bilities  (parameters  and  characteristics)  summarized  in  Table  2-5.  Some  of  the 
characteristics  have  values  that  are  relatively  constant  for  all  the  parameters;  these 
are  presented  in  the  first  part  (A)  of  Table  2-5.  The  selected  parameters  and  the 
values  of  the  characteristics  that  vary  with  the  parameters  are  presented  in  Table 2-5  B. 

♦International  Association  of  Physical  Scientists  in  Oceanography.  The  levels 
are:  0,  10,  20,  30,  50,  75,  100,  150,  200,  300,  400,  500,  600,  800,  1000,  1500,  2000, 

3000,  4000,  and  5000  meters.  These  levels  were  also  used  throughout  the  1967  feasi¬ 
bility  study. 
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TABLE  2-5 

TENTATIVELY  PROPOSED  NDBS  SENSING  CHARACTERISTICS 


"System11  Sensing  Characteristics  having  Relatively  Constant  Values 


•  Geographical  Location:  Deep  Ocean  (DO)/CoastaI  N.  America  (CNA) 
oi  t  to  400  n  mi 

•  Duration  of  Observation:  Instantaneous  or  Representative  Short- 
p«  riod  Average  up  to  10  min 

•  ■  Horizontal  (x,  y)  Sampling  Intensity:  500  n.  mi.  in  DO/ 100  n  rni 

in  CNA 

•  Time  Sampling  Intensity :  6  hr  in  DO;  3  hr  in  CNA 

•  Synchronization  of  Observations :  10  min  in  horizontal ;  1  min  in 

vertical 

Parameters  and  Variable  Sensing  Characteristics 


arameters 


Oceanographic 


Current  direction  T 0  to  360° 

Current  speed  0.  05  to  10 

kts 

Salinity  0to42°/oo 

Sound  speed  4500  to 

5800  fps 

Water  pressure  (depth)  6  to  10^ 

■ - .  -  .  . —  - - :  psi  — . 


Variable  characteristics 

Range 
i  (5-yr  SOA) 

. . .  ,  ... 

Accuracy 
(5-yr  SOA) 

Vertical 

layer 

Vertical  sampling 
intensity  (Z) 

0.  03  kts* 
or  1% 

0. 01°/oo 


Water  temperature  -5to40  C 

Ambient  light  0  to  2.  0 

ly/m 

Ambient  noise  -  80  to 


-  80  to 
-20  db 


Surface  to 
5000  m  depth 

Surface  to 
5000  m  depth 

Surface  to 
5000  m  depth 

Surface  to 
5000  m  depth 

Surface  to 
5000  m  depth 

Surface  to 
5000  m  depth 

Surface  to 
5000  m  depth 

Surface  to 
5000  m  depth 


20  standard 
LAP  SO  levels 

20  standard 
IAPSO  levels 

20  standard 
IAPSO  levels 

20  standard 
T  II’SO  levels 

20  standard 
IAPSO  levels 

20  standard 
IAPSO  levels 

2  levels 
2  level; 


TABLE  2—5 

TENTATIVELY  PROPOSED  NDBS  SENSING  CHARACTERISTICS  (Continued) 
— - Parameters  and  Variable  Sensing  Characteristics  (Continued' 

|  ‘  - - - - 1 — - - - - - - -  '  _ 

_  .  _ _ _  Variable  characteristics 


__ _ Parameters 

Oceanographic 

Transparency 

Wave  direction^ . 

Wave  height* 

Wave  period* 

Meteorological 
Air  temperature 

Atmospheric 

electricity 

Atmospheric 

pressure 

Dew  point 

Insolation 

Precipita  tion  rate 

Wind  dirwtion 
Wind  speed 


Range  Accuracy 
(5-yr  SOA)  (5-yr  SOA) 

0  to  70%/m  2% 

0  to  360®  -  5° 

0  to  100  ft  0.2  ft* 
or  10% 

lto40sec  0.1  sec* 
or  1% 


Vertical 

layer 


Vertical  sampling 
intensity  (Z) 


Surface  to  2  levels 
5000  m  depth 

Water  surface  1  level 

!  Water  surface  1  level 

Water  surface  1  level 


-25  to  60  C 

0.1  C 

Sea  surface 
to  mast  top 

1  level 

(representative) 

OtolOkv 

0.1  kv 

Sea  surface 
to  mast  top 

1  level 

(representative) 

800  to 

1099  mb 

0.1  mb 

Sea  surface 
to  mast  top 

1  level 

(representative) 

-25to40°C 

!  0. 2°C 

Sea  surface 

1  1  level 

_  ;  . . .  '• 

1 . . -  ’ 

to  mast  top 

(representative) 

0.  01  to 

2.  Oly/min 

0  to  12 

1% 

0.  01  in. /hr 

Sea  surface 
to  mast  top 

1  level 

(representative) 

0  to 360° 

0  to  160 
kts 


0.5  kts* 
or  3% 


♦Whichever  is  the  greater  value. 

Includes  measurements  of  some  swells  (to  40  secs). 
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•here  ,1  "PM'me‘  ~  ^  ^  *  *“8  1—  - 

Ti  l 'Z  '  •?—*  of  tee  serviceAuoy- 

”®‘“P  a,S°  “  e‘8'n,iaI  Part  -  N“BS.  These  potential  snppiementaty  8ensl„8 
capabilities  of  the  buoy  tenders  Indude  each  parameters  as- 


.  Meteorological  Parameters- 

_ _ _ *  Cloud  base,  tops  and  amount 

•  Surface  visibility 

•  Ravvinsonde  data  to  100,  000 

feet  (press,  height,  rela¬ 
tive  humidity,  temp. ,  and 
wind) 

. . _ *  . Refractive  index 

•  Ozone 


Oceanographic  Parameters: 

—  Surface - — ' . . 

•  Sea  state 

•  Ice  breakup 

Subsurface 

•  Biological  factors 
-  • — Chemical  factors 

•  pH 

•  Radiological  factors 


Bottom 


Bathymetry 

Cores 

Photographs 


— Assessment  of  1967  Data  Requirements 

The  basic  purpose  for  developing  a  hypothetical  NDBS  and  defining  its  sensing 
c  aracteristics  was  to  obtain  ref,rencs  for  assessing  how  well  each  individua!  set  of 
data  requirements  wontd  be  me.  by  the  hypothetical  bn,  technologically  feasible  date 
buoy  system.-  To  facititete  this  wort,  a  formal  assessment  sheet  for  ,067  data  requtre- 
mente  was  deveioped  tea,  indioated  tee  tentative  ..system.,  sensing  characteristics 
isted  by  parameters,  a,  tee  top  of  tee  »hf?,  wtte  a  correspond, „g  space  directly  below 
the  data  requirements  of  those  same  Jhrameters  for  an  AMO  ,aee  Table  2-6, 

Then,  for  each  of  tee  20  parameters  in  ttl  tentative  "system,  "  tee  characteristics  of 
the  data  requirements  of  an  for  tea,  parameter  could  be  entered  below 

U'e  Thus,  for  teose  20  parameters,  „  was  possible  to 

assess  very  quioHy,  by  inspection,  how  well  the  tentatively  proposed  "system"  sensing 
capabilities  could  meet  the  needs  of  the  AMO. 

If  the  AMO  required  a  parameter  that  was  not  included  in  the  hypothetical  "system" 
capabilities,  it  was  not  entered  on  this  original  assessment  sheet. 
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Raquinmamta  not  m«t  and  why: 


TABLE  2-6  ASSESSMENT  SHEET  FOR  1967  DATA  REQUIREMENTS  (Cont.) 
GREY  AREA"  PARAMETERS  NOW  IN  QUESTION  FOR  THE  PROPOSED  DATA  BUOY  SYSTEM 


A  second  page  was  used  for  the  details  of  the  parameters  that  were  required  but 
could  not  be  included  for  comparison  on  the  first  page  (see  Table  2-6,  page  2).  There 
were  two  categories  of  parameters  not  met  by  the  tentative  "system": 

•  •  Those  that  could  be  measured  hy  buoys,  but  were  not  selected  by  the 

criteria  for  the  proposed  "system"  (here  termed  "grey  area"  parameters),  and 
_ _  j _ _ • _ Those  that  were  considered  beyond  the  5 -year  buoy  SOA.  _ _ . 

Therefore,  the  second  page  of  the  assessment  sheet  provided  space  similar  to  that  for 
the  tentative  "system":  at  the  top,  for  the  details  of  the  "grey  area"  parameter  re¬ 
quirements  and  at  the  bottom,  a  Corresponding  space  for  those  parameters  considered 
beyond  the  5-year  buoy  SOA. 

The  details  of  each  of  the  1967  data  requirements  were  standardized  (basic 
parameters  and  units)  according  to  Table  2-2.  Then  the  requirements  information, 
in  standardized  form,  was  entered  for  a  particular  AMO  for  each  parameter  that  could 
be  put  on  the  first  page.  An  assessment  was  made  of  how  well  the  hypothetical 
"system". sensing  characteristics  for  the  20  parameters  (Table  2-5)  would  meet  the 
AMO's  total  requirements.  The  results  of  that  assessment  were  tabulated  at  the 
bottom  of  the  first  page  of  the  assessment  sheet,  in  the  following  three  categories: 

•  Requirements  fully  met :  Required  parameters  having  sensing  char¬ 
acteristics  requirements  that  could  be  fully  met  by  the  tentatively  proposed 
hypothetical  "system"  were  listed  under  this  category. 

•  Requirements  partially  met:  Required  parameters  having  sensing 
characteristics  requirements  that  could  be  only  partially  met  by  the  tentatively 
proposed  "system"  were  listed  here.  An  explanation  of  why  the  sensing  char- 

_ acteristics  requirements  could  not  be  fully  met  was  also  given.  . .  . _ ^ 

•  Requirements  not  met  and  why :  All  required  parameters  having 
sensing  characteristics  requirements  that  could  not  be  met  by  the  tentatively 
proposed  "system,  "  and  the  reasons  why,  "rvere  given.  All  required  parameters, 
other  than  the  20  proposed  "system"  parameters,  appeared  under  this  assess¬ 
ment  category. 

As  the  required  parameters  belonging  in  this  last  category  were  identified  from  the 
original  source  documents,  the  details  of  their  requirements  were  entered  on  the 


second  assessment  sheet.  Whether  they  were  "grey  area"  or  "beyond  the  5-year 
SOA"  was  judged  from  the  material  in  Table  2-2  and  Appendix  I,  part  A. 

The  assessment  sheets  relayed  all  this  information  to  the  users  as  the  primary 
step  in  the  data  requirements  refinement  process  (example,  Appendix  1,  part  B).  The 
assessment  process  also  helped  identify  areas  for  general  or  specific  questions  and 
for  selective  need  for  clarification  of  the  1967  statements  of  data  requirements. 

2. 5  Questions  Derived  from  the  1967  Data  Requirements 

During  the  process  of  analyzing  the  1967  data  requirements,  note  was  taken  of  the 
details  of  problem  areas  such  as  discrepancies,  omissions,  and  insufficient  informa¬ 
tion  so  that  questions  could  be  prepared  and  sent  to  the  agencies  for  remedial  action 
during  the  refinement  process.  After  the  assessments  of  the  1967  data  were  completed, 
all  the  notes  on  problem  areas  were  accumulated  and  sets  of  formal  questions  were 
prepared.  These  questions  were  mailed  to  the  agencies  on  forms  with  space  left  for 
the  agency  representatives  to  supply  answers.  Some  of  the  problem  areas  leading  to 
questions  were  common  to  many  of  the  statements  of  data  requirements  while  others 
were  unique  or  pertained  only  to  one  or  two  of  the  AMOs.  Thus,  two  sets  of  questions 
were  prepared:  (a)  the  general  questions,  for  all  the  AMOs,  which  are  included  in 
Appendix  I,  part  C  and  (b)  the  specific  questions  for  individual  AMOs,  examples  of 
which  are  presented  in  Appendix  I,  part  D  (for  both  operational  and  research  AMOs). 

There  were  five  areas  of  analysis  work,  including  upgrading  source  documents, 
preparing  improved  comparative  tabulations,  conceptualizing  technologically  feasible 
hypothetical  "system"  sensing  characteristics, assessing  1967  data  requirements,  and 
preparing  questions  to  challenge  apparent  data  deficiencies;  these  constituted  the  major 
^phases  of  the  analysis  of  the  previously  collected  1967  statements  of  data  requirements. 
The  results  of  this  analysis  formed  the  informational  basis  for  the  data  requirements 
refinement  effort  which,  by  its  very  nature,  required  the  full  participation  of  the 
appropriate  representatives  of  the  agencies  and  their  affiliates  as  the  users  of  the  data. 
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3. 0  REFINEMENT  OF  USERS*  DATA  REQUIREMENTS 


The  previous  section  described  the  re-assessment  and  analysis  of  1967  state¬ 
ments  of  data  requirements,  and  how  the  re-evaluation  of  hypothetical  data  buoy 
"systems'’  used  in  the  1967  feasibility  study  led  to  a  somewhat  revised  hypothetical 
"system"  that  was  used  as  a  reference  to  assess  the  potential  applicability  of  the  NDBS 
to  1967  data  requirements.  Two  questions  were  of  primary  importance  at  this  ooint: 
(1>  Did  the  agencies  agree  with  the  assessments;  and  (2)  In  the  light  of  the  potential 
of  possible  future  NDBS  sensing  characteristics,  did  the  agencies  wish  to  refine,  or 
otherwise  alter,  their  statements  of  data  requirements  ?  A  meeting  of  U.  S.  Govern¬ 
ment  Agency  representatives  was  scheduled  for  mid-March  to  solicit  agehcy  coopera¬ 
tion  in  answering  these  two  questions  and  also  clarifying  or  standardizing] 
ments  in  their  data  requirements  statements.  * 


other  ele- 
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3. 1  Information  Packages  for  Agency  Representatives 

Several  weeks  prior  to  the  users'  data  requirements  refinement  meeting,  pertin¬ 
ent  information  packages  were  prepared  by  TRC  and  forwarded  via  USCG  channels  to 
agency  delegates  (see  list  in  Appendix  I,  part  E).  These  information  packages  were 
sent  with  an  explanatory  letter  from  the  NDBS  Designated  Project  Office  inviting  the 
delegates  and  representatives  to  attend  the  meeting  scheduled  for  19  March  1968.  In¬ 
cluded  in  the  packages  were  several  relevant  letters  and  technical  papers  fyr  general 
information,  the  proposed  program  for  data  requirements  refinement,  the  agenda  for 
the  meeting,  and  the  specific  assessment  sheets  for  each  Agency’s  AMOs  with  appro¬ 
priate  sets  of  questions.  On  the  front  of  each  of  the  sets  of  assessment  sheets  and 
questions  were  explanatory  prefaces  (see  Appendix  I,  parts  B,  C,  and  D,  jl'tfo  assist  the 
1  agency  representatives  in  understanding  the  document  and  how  it  was  to  be  used  in  the 
refinement  process.  -  The  agency  representatives  were  requested  to  review  the  mater¬ 
ial  in  the  information  packages  to  help  inform  and  prepare  themselves  so  that  the  re¬ 
finement  conference  would  be  as  productive  as  possible. 


3. 2  Conference  on  Refinement  of  Data  Requirements 

A  conference  for  the  refinement  of  data  requirements  was  held  on  19  March  1968 
at  the  Departmental  Auditorium,  Washington,  D.  C.  ,  for  the  delegates  and  working-level 
representatives  of  Federal  Government  agencies  having  marine  data  requirements. 
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Numerous  organizational  and  VIP  observers  were  invited  to  attend  also  {see  list  in 
Appendix  I,  part  F).  The  meeting  was  planned  to  encourage  active  participation  by  the 
attendees  (see  list  in  Appendix  I,  part  G).  The  agenda  included  a  background  briefing 
by  the  NDBS  DPO  entitled  "A  System  Approach  to  the  Development  of  NDBS"  (a  progress 
report  showing  the  relationship  of  requirements  refinement  to  the  total  effort)  and  a 
briefing  by  TRC  entitled  "Examples  of  Comparison  of  the  Variability  of  Natural  Phen¬ 
omena  and  NDBS  Characteristics. "  The  more  specific  briefings  by  TRC  on  the  196? 
data  requirements  refinement  included:  "The  Purpose  of  Refinement, "  "General 
Questions  Arising  from  the  Assessments, "  "Methodology  for  Refinement, "  "Specific 
Questions  Arising  from  the  Assessments,"  and  "Methodology  for  Agency  Assistance  in 
Refinement. "  Question  and  answer  periods  were  conducted  between  the  briefings  and 
at  the  conclusion  of  the  formal  meeting.  As  indicated  by  the  titles  of  the  briefings,  the 
attendees  were  given  detailed  information  and  documentation  on  the  nature  of  the  1967 
data,  the  data  requirements  problems  and  inadequacies  for  the  system  development 
tasks  that  lay  ahead,  the  general  and  specific  aspects  requiring  refinement,  how  re¬ 
quirements  refinement  was  to  be  accomplished,  and  what  the  agency  representatives 
could  do  to  help  achieve  that  goal.  After  the  attendees  heard  the  general  problem  and 
the  methodology  for  solution,  they  were  asked  specifically  to  review  with  their  appro¬ 
priate  people  the  assessment  sheets  for  their  AMOs,  the  charted  interpretations  of 
their  areas  of  data  interests,  and  the  sets  of  questions  about  deficiencies  In  the  data 
base.  They  were  requested  then  to  take  such  action  as  necessary  to  answer  tha  ques¬ 
tions  on  their  AMOs  (in  the  light  of  all  the  new  information),  to  check  and  correct  as 
necessary  the  charted  areas  of  data  interest  and,  finally,  to  refine  the  statements  of 
data  requirements  by  correcting,  as  necessary,  the  data  on  their  assessment  sheets. 
Blank  charts  and  assessment  sheets  were  supplied  for  their  use.  In  an  effort  to  keep 
the  refinement  program  on  schedule,  a  deadline  of  8  April  1968  was  set  for  the  refine¬ 
ment  responses  to  be  in  the  mail  to  TRC. 

As  a  result  of  this  refinement  conference,  the  actual  up-dating,  expansion,  and 
refinement  of  the  1967  statements  of  data  requirements  were  placed  in  the  hands  of  the 
agency  delegates  and  representatives  authorized  and  responsible  to  speak  to  the  data 
requirements  question. 
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3.3  Agency  Responses  for  Data  Requirements  Refinement 

The  responses  from  the  agencies  were  generally  good;  however,  a  few  responses 
still  left  problems  unsolved  and  questions  unanswered.  Replies  were  supposed  to  be 
received  at  TRC  during  the  second  week  of  April,  but  only  a  small  percentage  were. 
The  final  agency  operational  requirements  response  was  received  a  month  late;  about 
20  per  cent  of  the  research  activities  had  not  responded  at  the  time  of  writing  this  re¬ 
port.  These  facts  affected  the  schedule  for  analysis  of  refined  data  requirements.  To 
obtain  a  complete  set  of  requirements,  the  1967  data  requirements  of  the  non- 
responsive  research  activities  Were  considered  still  valid  and  a  temporary  part  of  the 
total  refined  data  requirements.  These  1967  data  requirements  are  identified  in~Ap- 
pendix  IV  which  contains  all  the  assessment  sheets  with  the  refined  statements  of 
data  requirements. 

During  this  refinement  process,  two  new  sets  of  data  requirements  (AMOs  98 
and  99)  covering  research  activities  in  the  Bureau  of  Commercial  Fisheries  (BCF) 
Biological  Laboratories  in  Alaska  and  Hawaii  were  received  and  added  to  the  list  in 
Table  2-1.  A  number  of  responses  from  research  activities  (AMOs  45,  46,  48,  52,  53, 
55,  and  95)  indicated  that  their  1967  data  requirements  should  be  withdrawn  or  were  no 
longer  valid  since  the  research  had  been  completed,  or  the  principal  investigator  had 
departed  (or  was  working  on  something  else)  or  felt  his  requirements  inappropriate 
for  NDBS  development.  In  certain  other  cases,  requirements  for  particular  types  of 
data  were  dropped;  e.g. ,  ESSA  deleted  their  estuarine  requirements  and  their  mag¬ 
netic  field  requirements.  Another  feature  of  the  ESSA  response  was  that  all  nine  of 
the  AMO  requirements  were  collapsed  into  one  statement  of  data  requirements  for  the 
agency,  showing  combined  total  ope  rational  and  research  data  needs. 
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4.  0  ANALYSIS  OF  REFINED  DATA  REQUIREMENTS 


Agency  responses,  made  directly  to  TRC,  were  logged  in,  evaluated,  and  the 
pertinent  information  extracted  and  entered  into  the  appropriate  operational  or  re¬ 
search  comparative  tabulations  (see  Appendix  II).  These  tables,  similar  to  the  ones 
discussed  in  Section  2.  2  for  the  1967  data,  served  to  organize  the  refined  require¬ 
ments  for  easy  reference,  comparison,  and  checking  of  quality  and  completeness. 

The  changes  made  in  the  data  requirements  during  refinement  are  indicated  (by  large 
dots)  on  these  charts.  Inadequacies  noted  in  the  refined  data  were  resolved  by  tele¬ 
phone.  Late  responses  caused  scheduling  difficulties  for  the  remaining  work  and  those 
not  in  by  late  July  1968  were  assumed  satisfactory  in  their  1967  form,  to  provide  a 
more  comprehensive  data  base.  . .  . . 

4. 1  Assessment  of  the  Refined  Data  Requirements 

One  of  the  requests  to  the  agency  representatives  was  to  chart  the  area  from 
which  they  required  data.  This  was  to  eliminate  any  errors  in  translation  of  a  verbal 
description  of  the  geographical  area.  Several  agency  representatives  did  comply  with 
this  request  but  a  considerable  number  did  not  Therefore,  to  be  sure  that  all  descrip¬ 
tions  of  the  geographical  areas  were  adequate,  charts  were  prepared  by  TRC  deline¬ 
ating  the  areas  from  which  it  was  understood  data  were  required  for  each  activity. 

These  charts,  in  many  cases  showing  TRC’s  interpretation  of  the  area  of  data  interest, 
are  contained  in  Appendix  ni  for  all  operational  and  research  requirements.  When  it 
was  considered  necessary,  clarification  and/or  additional  information  were  obtained 
from  the  agencies  by  telephone. 

An  additional  source  of  refinement  input  from  the  agency  representatives  was 
answers  to  the  general  and  specific  questions  that  had  been  sent.  Their  answers  were 
supposedly  reflected  in  the  information  on  the  maps  and  the  statements  of  refined  data 
requirements  on  the  assessment  sheets  that  were  Included  in  their  responses.  How¬ 
ever,  the  responses  in  all  the  other  material  were  checked  for  consistency  with  these 
answers  to  the  questions.  Since  the  set  of  general  questions  (Appendix  I,  part  C) 
pertained  to  aspects  of  conceptual  formulation  of  the  tentative  “system”  sensing  charac¬ 
teristic,  an  analysis  was  made  of  the  answers  received  from  both  operational  and  re¬ 
search  activities.  These  answers  indicate  the  reaction  of  the  various  users  to  the 


tentatively  proposed  sensing  characteristics  for  the  DO  and  CNA  regions  of  the  NDBS. 

Although  there  naturally  was  some  variability  in  the  answers,  the  summary  indicated 
a  high  acceptance  of,  and  a  general  shift  to,  most  of  the  proposed  measurement 
characteristics.  These  "system"  characteristics  include  range,  accuracy,  vertical 
sampling  intensity,  and  duration  of  observations.  There  was  also  an  apparent  general 

* 

acceptance  of  proposed  measurement  of  20  parameters ,  since  during  refinement  there  j 

were  many  parameters  from  among  these  20  that  were  added  to  the  original  require¬ 
ments. 

In  addition  to  the  Deep  Ocean  and  Coastal  North  American  regions,  a  ’  important 
new  point  of  agreement  was  a  clearer  definition  of  the  third  data  souce  region;  a 
Near-Shore  region  defined  as  within  25  n  mi  of  the  shore  {CNA  is  defined  as  the  ocean 
region  25-400  n  mi  off  shore.  This  Near-Shore  region  would  include  estuaries  and 
would  thus  include  pollution  and  recreational  activities.  Thus,  three  regions  (DO, 

CNA,  and  Near-Shore)  present  the  potential  for  having  three  different  buoy  networks 
in  which  the  spacing  between  the  buoys  would  most  likely  be  of  different  scales 
(progressively  finer). 

Surprisingly  few  equipment  suggestions  for  measuring  "grey  area"  parameters 
were  returned  although  suggestions  for  applicable  sensing  equipment  had  been  specif¬ 
ically  requested.  The  need  for  a  limited  number  of  observations  at  or  near  the  bottom, 
usually  up  to  a  stated  maximum  depth,  was  indicated  by  the  responses.  Suggestions 
were  made  recommending  a  number  of  transect  lines  in  CNA,  perpendicular  to  the 
coast,  but  spaced  up  to  a  few  hundred  n  mi  apart  (rather  than  a  uniform  grid).  Concern 
was  also  shown  for  the  horizontal  spacing  of  observations  In  certain  areas  of  the  CNA, 
where  significant  changes  can  occur  over  short  distances.  These  were  the  significant 
points  that  were  brought  out  in  the  answers  to  the  general  questions, - 

After  the  information  for  areas  of  data  interest  and  answers  to  the  sets  of  ques¬ 
tions  were  evaluated,  the  rest  of  the  refined  data  requirements  on  the  assessment 
sheets  (which,  in  a  sense,  has  been  validated  by  the  agency  representatives  and  checked 
upon  receipt  by  TRC)  were  accepted  as  correct  at  this  time.  The  results  of  assess¬ 
ments  at  the  bottom  of  the  sheets  were  checked  for  completeness  and  accuracy  after 
the  refined  data  requirements  were  accepted  as  the  best  available.  These  assessment 
sheets  for  the  1968  refinement  of  the  data  requirements  are  presented  in  completed 
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detail  in  Appendix  IV.  These  represent  the  most  accurate  and  detailed  statements  of 
the  refined  data  requirements  available  at  this  time.  Another  facet  of  the  assessment 
was  to  update  and  refine,  within  feasibility  limits,  the  details  of  the  hypothetical 
reference  "system"  sensing  characteristics  (e.  g. ,  see  the  discussion  below  of  the 
modification  of  horizontal  spacing).  There  will  doubtless  be  a  continuing  refinement 
process  as  the  requirements  evolve.  The  latest  version  of  the  hypothetical  "system" 
sensing  characteristics  appears  at  the  top  of  the  refined  data  assessment  sheets 
(App.  IV)  and  resulted  from  assessing  the  refined  data  requirements  and  then  modifying 
the  hypothetical  "system." 

One  problem  that  was  resolved  In  this  manner  was  the  horizontal  spacing  of 
observations.  The  NDBS  sensing  capabilities  proposed  for  assessing  the  original 
1907  data  had  a  spacing  of  500  nautical  miles  In  DO  and  100  nautical  miles  in  CNA. 

The  500  n  mi  spacing  wa3  finer  than  the  desired  spacing  of  some  require¬ 
ments  but  was  used  to  meet  the  requirements  of  others  for  which  it  was  the  largest  accept 
able  spacing.  During  the  requirements  refinement  there  was  some  relaxation  by 
agencies  in  the  required  spacing,  making  600  n  mi  a  plausible  value ,  at  least 
for  the  initial  system  and  until  enough  data  axe  obtained  and  used  to  form  a  basis  for 
better  specification  of  DO  spacing  requirements.  Because  this  would  mean  (at  least 
initially)  a  reduced  number  of  data  locations  required  and  thus  reduced  costs,  the  two 
most  concerned  agencies  (ESSA  and  BCF)  were  contacted  by  telephone  and  the  agencies 
agreed  that  600  n  mi  was  a  suitable  value  to  consider  for  the  initia’  "system.  ” 

Similarly,  for  the  CNA  region,  the  100  nautical  miles  spacing  originally  proposed 
was  considerably  finer  than  the  lowest  acceptable  spacing  of  the  refined  data  require¬ 
ments  for  the  agencies  having  broad  or  total  areal  coverage.  After  telephone  conver¬ 
sation  it  was  agreed  to  reduce  the  number  of  required  data  locations  by  having  the  first 
line  of  buoys  start  at  25  n  mi  from  the  l'.  S.  and  Canadian  coasts  and  spaced  100 
n  mi  apart,  and  then  relaxing  that  spacing  until,  at  400  n  ml  from  the  coast,  the 
buoys  would  be  spaced  150  n  mi  apart,  as  indicated  In  Fig.  4-1.  In  the  re¬ 
mainder  of  the  CNA  region,  off  the  Mexican  coast,  the  first  line  of  buoys  would  start 
at  100  n  mi  off  the  coast,  and  the  spacing  would  rt  lax  to  150  n  mi  at  300  and  400 
n  mi  off-shore  (see  Fig.  4-2). 
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This  CNA  horizontal  spacing  exemplifies  a  non-uniform  grid  and  would  provide 
finer  scale  observations  of  the  environment  where  it  more  closely  affects  the  national 
interests  of  the  U.  S.  These  revised  values  for  the  horizontal  spacing  requirements  for 
DO  and  CWA  are  included  in  the  latest  version  of  the  tentatively  proposed  NDBS  sensing 
capabilities  at  the  top  of  the  assessment  sheets,  in  Appendix  IV,  which  represent  the 
reference  '’system”  against  which  the  assessment  of  the  refined  data  requirements 
was  made. 


4. 2  Analysis  of  Refined  Ctaerattonal  Data  Requirements 


The  analysis  of  the  refined  operational  requirements  was  undertaken  first,  be¬ 
cause  all  were  available  by  mid-May  and  the  research  ones  were  not  all  returned. 
Perhaps  more  importantly,  it  must  be  kept  in  mind  that  there  iB  justification  on  the 
basis  of  national  benefits  for  the  NDBS  to  try  to  meet  operational  requirements  as 
soon  as  possible.  For  the  purpose  of  this  analysis,  the  refined  data  requirements 
for  the  different  AMOs  of  a  given  agency  that  had  been  through  the  assessment  process 
were  collapsed  into  one  set  representing  the  data  needs  of  the  whole  agency.  Thus, 
the  summarized  results  of  this  analysis  are  In  terms  of  refined  Agency  data  require¬ 
ments  and  are  presented  as  follows.  The  net  impact  of  the  refinement  process  is  ex¬ 
pressed  in  terms  of:  (id  the  parameters  that  had  been  added,  (b)  the  changes  in  the 
measurement  characteristics  (performance  envelope),  as  indicated  in  Appendixes  n 
and  IV,  respectively,  and  (c)  the  applicability  of  the  proposed  "system"  in  meeting  the 
refined  data  requirements  (in  terms  of  those  requirements  that  would  be  fully  met  and 
those  requirements  that  would  not  be  met  and  why).  In  addition,  the  number  of  ob¬ 
servation  sites  (buoys)  required  to  meet  the  agencies'  statements  of  refined  data  needs 
in  the  oceans  from  60”  N  to  60*  S  is  specified,  and  the  geographical  areas  that  they 
cover  are  shown  on  maps  in  Appendix  HI. 


4. 2. 1  Individual  Agencies 

Summaries  for  each  of  the  agencies  requiring  data  to  support  operational 
activities  follow  in  alphabetical  order. 
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A.  Bureau  of  Commercial  Fisheries  (BCF) 

•  Parameters  added:  none 

•  Three  changes  in  characteristics  (all  conforming  to  ''system" 

values).  _ _ _ _ _ 

(a)  Horizontal  spacing  in  DO:  "600  n  mi  for  initial  buoy  net¬ 
work." 

(b)  Vertical  sampling:  "XAPSO  levels  plus  a  bottom  observation  to 
maximum  depth  of  500  to  625  meters. " 

(c)  Duration  of  observation:  "10  minutes  (representative  aver¬ 
age).  " 

•  System  applicability. 

(a)  Eight  "system"  parameters  fully  met:  air  temperature,  wind 
velocity  (2),  current  velocity  (2),  salinity,  transparency,  and  water 
temperature. 

(b)  Three  parameters  not  met:  the  scale  of  whole  mile  measure¬ 
ments  of  water  temperature  and  salinity  boundaries  in  CNA  is  too  fine  for 
proposed  "system"  spacing.  The  heights  of  1000  to  700  mb  surfaces  were 
considered  beyond  the  5-yr  SOA  in  this  study.  *  The  60  minute  (estimated) 
integrated  wind  observation  for  heat  flux  computations  will  probably  not  be 
satisfied  without  minor  changes  for  the  duration  of  observations  in  the 
proposed  "system. " 

Observation  sites  (buoys)  required:  . 

(a)  110  DO  at  600  n  mi  spacing 

290  CNA  at  100-150  n  ml  spacing  including  an  estimated  50 
for  fine  scale  observations 
400  Total  requirements. 


♦See  footnote,  Page  27  about  upper-air  soundings. 
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(b)  128  of  the  400  occur  at  BCF  sites  supporting  1  BCF  activity 

{48  DO  and  80  CNA) 

_  136  of  the  400  occur  at  BCF  sites  supporting  2  BCF  activities 

- - - - ;  (31  DO  and  105  CNA  (observation  sites) 

—  this  equals  approximately 

(c)  264  Different  observation  sites  (buoys)  for  BCF  requirements. 

B.  Environmental  Science  Services  Administration  (ESSA) 

•  Four  parameters  added: 

Dew  point,  precipitation  rate,  sound  speed  and  water  pressure 

(requirements  for  estuarine  data  were  changed  to  N/A):  ' 

*  1 

•  Two  changes  in  characteristics  (all  conforming  to  '’system”  values). 

(a)  Vertical  layer:  "surface  (top  of  buoy  mast)  —  5000  m  depth.  ” 

(b)  Vertical  sampling  intensity:  ”20  IAPSO  levels  plus  a  bottom 
observation  to  maximum  depth  of  5000  m.  ” 

•  System  applicability: 

(a)  Fifteen  parameters  fully  met:  air  temperature,  atmospheric 
pressure,  dew  point,  precipitation  rate,  wind  velocity  (2)  current  velocity 

(2) ,  salinity,  sound  speed,  water  pressure,  water  temperature  and  waves 

(3) . 

(b)  Five  upper-air  parameters  not  met:  air  temperature,  atmos¬ 
pheric  pressure,  dew  point,  and  wind  velocity  (2)  to  100,000  feet. 

•  Observation  sites  (buoys)  required: 

261  DO  at  600  n  mi  spacing 
279  CNA  at  100-150  n  mi  spacing 

540  Total  observation  sites  (buoys)  no  common  locations. 

C.  U.  S,  Air  Force  Air  Weather  Service  USAF/AWS 

•  Nine  parameters  added: 

Atmospheric  electricty,  dew  point,  insolation,  precipitation  rate, 
ambient  light  and  noise,  sound  speed,  transparency  and  water  nressure. 
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•  Four  changes  in  characteristics  (all  conforming  to  "system"  values): 

Vertical  sampling  intensity,  duration,  frequency  and  synchronization 
of  observations  were  all  changed  to  comply  with  the  "system. " 

•  System  appli oability: 

(a)  Twenty  "system"  parameters  full  met:  Exceptions  were  200 
u  mi  spacing  of  a  few  buoys  and  the  3  hour  frequency  of  observations 
In  space  vehicle  recovery  zones  which,  with  minor  "system"  changes, 
could  be  met 

(b)  Nine  upper-air  parameters  not  met:  Atmospheric  pressure, 
cloud  amount,  density  (derived),  profiles  (of  humidity,  temperature  and 
wind  velocity),  propagation  loss,  refractive  index  (derived),  and  visibility. 

•  Observation  sites  (buoys)  required: 

(a)  305  DO  at  600  n  mi  except  for  44  of  these  which  are  at  200 

n  ml  spacing  (space  vehicle  recovery  areas) 

12  CNA  at  150  n  mi  spacing 
317  Total  requirements 

(b)  293  of  the  317  occur  at  USAF  sites  supporting  1  USAF  activity 

•  (281  DO  and  12  CNA) 

12  of  the  317  occur  at  (DO)  sites  supporting  2  USAF  activities 

(c)  305  Different  observation  sites  (buoys)  for  USAF  requirements 

D.  U.S.  Coast  Guard  (USCO) 

•  Six  parameters  added:  • 

Ambient  light,  atmospheric  electricity,  dew  point,  insolation, 
precipitation  rate,  and  transparency. 

•  Five  changes  in  characteristics  (all  conforming  to  "system"  values): 

(a)  Vertical  layer:  "surface  (top  of  buoy  mast)— 5000  m  depth. " 

(b)  Vertical  sampling  intensity:  "20  IAPSO  levels  plus  an  obsei-va- 
tion  within  50  m  of  bottom  to  maximum  depth  of  5000  m.  " 

(c)  Duration  of  observation:  "10  minute  average.” 

(d)  Synchronization  of  observations:  "10  minutes  and  1  minute. " 


(e)  Horizontal  spacing  clarified  for  Ice  Patrol  10  x  50,  30  x  50  and 
100  x  100  n  mi  spacing. 


•  System  applicabi 
(a)  Nineteen, 


ity: 


all  "system"parameters  except  ambient  noise,  fully 
met— with  the  exception  of  the  fine  scale  spacing  such  as  in  Ice  Patrol, 
Search  and  Rescue  and  Oceanographic  Services. 

(b)  Ten  parameters  not  met:  Upper-air  profiles  of  temperature, 
humidity  and  wind.buthymetry,  chlorophyl,  nutrients,  oxygen,  pH, 
pictures  of  marine  life,  and  plankton  hauls. 

•  Observation  sites  required:* 

(a)  155  DO  5  iDSVs,  150  at  25  to  100  n  mi  spacing,  plus  some 

variable  number  for  Oceanographic  Services  (200  sites). 


519  CNA  1 
nu! 

S74  Total 


E. 


v.vKvdMT'.yS*  ■#.  1 


OSV,  518  at  10  to  100  n  mi  spacing  plus  an  unknown 
lWiber  for  Search  and  Rescue, 
plus  some  variable  and  unknown  number. 

(b)  612  of  the  674  occur  at  USCG  sites  supporting  1  USCG  activity 

(143  DO  and  469  CNA) 

31  of  the  674  occur  at  USCG  sites  supporting  2  USCG  activities 
(6  DO  and  25  CNA) 

(c)  643  Different  observation  sites  for  USCG  requirements 

(plus  an  unknown  number  for  Ocean  Svcs  and  S&  R). 

U.S.  Navy  (USN)  j 

•  Parameters  added:  none 

•  Three  changes  in  characteristics  (all  conforming  to  ,,system"values): 

(a)  Vertical  layer:  "surface  (top  of  buoy  mast)— 5000  m  depth." 

(b)  Vertical  sampling  intensity:  "20  IAPSO  levels  to  5000  m." 


*The  U.S.  Coast  Guard  has  operational  requirements  for  observations  at  674  sites, 
297  associated  with  the  International  Ice  Patrol  and  227  connected  with  13  standard 
sections.  Ice  Patrol  observation^  are  required  bi-weekly  during  February  through 
June.  Standard  section  observations  are  required  only  monthly.  These  requirements 
can  best  be  met  by  observational  platforms  other  than  synoptically  reporting  unmanned 
moored  data  buoys.  There  are,  however,  some  additional  requirements  for  monitoring 
the  Ice  Patrol  region  and  the  standard  sections  on  a  synoptic  basis.  Thi3  could  be 
accomplished  by  spacing  three  buoys  along  each  of  the  standard  sections  and  using  a 
.  small,  densely  spaced  grid  of  seVen  data  buoyo  on  the  eastern  slope  of  the  Grand  Banks 
' near  44.5° N,  48.5 »W.  1 
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(c)  Synchronization  of  observations:  "10  minutes  and  1  minute. " 
A  number  of  items  for  surveys  and  ranges  which  had  previously  caused 
some  misunderstanding  were  clarified. 

•  System  applicability:  .  --------  \r 


(a)  Twenty  "system"  parameters  fully  met— with  the  exception  of 

fine  scale  support  to  test  ranges  which,  with  minor  "system"  changes 
could  be  met  ;  _ ; _  ■'  '•  _ 

(b)  Thirteen  upper  air  parameters  for  airborne  support  not  met: 
Atmospheric  electricity,  clouds  (amount,  base,  and  tops),  cosmic 
radiation,  humidity,  ice  particle  distribution,  ozone,  refractive  index, 
temperature,  vertical  motion,  visibility,  and  wind. 

(c)  Twelve  other  parameters  not  met:  Bathymetry  (in  test  ranges), 
biological  sampling,  bottom  sampling,  cloud  cover,  gravity,  magnetic 
field,  nutrients,  pictures  of  bottom,  propagatior  loss,  sea  state,  sediment 
deposit  and  tidal  fluctuation. 


•  Observation  sites  (buoys)  required: 


(a)  531  DO  at  600  n  mi  spacing  except  for  9  at  10  to  20  n  mi 

spacing  in  test  ranges.  . . .  -- 

18  CNA  at  10  to  50  n  mi  spacing  in  test  ranges 
549  Total  requirements 

(b)  18  of  the  549  occur  at  USN  sites  supporting  1  USN  activity  (2 - 

DO  and  16  CNA) 

262  of  the  540  occur  at  USN  sites  supporting  2  USN  activities 
(261  DO  and  1  CNA) 

2  of  the  549  occur  at  DO  sites  supporting  3  and  4  activities 
respectively  (268  DO  and  18  CNA  requirements) 

-  this  equals  approximately 

(c)  282  Different  observation  sites  (buoys)  for  USN  requirements 


During  the  1968  refinement  effort,  a  near-shore  and  estuarine  region  has  been 
more  clearly  defined  (and  accepted).  The  near-shore,  estuarine  and  Great  Lakes 
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regions  represent  sources  of  data  requirements  (and  data  users)  that  have  not  been 
completely  Investigated.  The  needs  of  FWPCA  are  well  defined  but  comparable 

requirements  for  other  activities,  that  probably  warrant  more  carefulstudy,  include - 

various  forms  of  recreational  boating  and  fishing,  public  health,  Coast  Guard 
Interests  within  25  mi  of  the  coast,  test  ranges,  and  the  exploitation  of  natural  re¬ 
sources.  The  FWPCA  data  requirements,  given  below,  are  probably  representative 
of  other  agency  jUser)  data  requirements  that  may  be  established  in  the  future. 

F.  Federal  Water  Pollution  Control  Administration  (FWPCA) 

•  Five  parameters  added:  Air  temperature,  insolation,  ambient  light, 
transparency  and  turbidity. 

•  One  change  in  characteristics  (conforming  to  the  "system’'  value): 
Frequency  of  observations:  "three  hours. "  Areas  of  data  interest,  x,  y  and  z 
sampling  Intensities  were  clarified. 

System  applicability:  Tentatively  proposed  system  sensing  capabilities 
were  oriented  toward  DO  and  CNA  (>  25  n  mi  from  coast)  operations  and  not 
toward  FWPCA  activity  at  this  time.  The  biggest  problems  are  x,  y,  z  and  t 
sampling  intensities.  Many  problems  are  different.  These  requirements  should 
be  studied  next  year.  | 

•  Observation  sites  (buoys)  required:  I 

_ _ (a)  200  at  20  n  mi  spacing  in  the  Great  Lakes.  _  ' _  _ 

(b)  600  (estimated)  at  1-10  n  mi  spacing  in  pertinent  estuaries 

(200)  and  near-shore  waters  (1  line  of  buoys  10  n  mi 
spacing  along  4000  n  mi  coast  line  *  400). 

(c)  800  different  observation  sites  (buoys)  estimated  for  FWPCA 

requirements. 

The  task  for  estimating  the  number  of  buoys  required  for  FWPCA  is  very  difficult  and 
requires  additional  information.  The  number  of  estuaries  and  the  number  of  data 
locations  required  in  each  estuary  (and  in  the  near-shore  waters)  have  not  yet  been 
established.  Each  estuary  will  probably  have  to  be  treated  on  an  individual  basis,  with 
data  location  requirements  possibly  established  by  experiment  However,  what  is 


important  is  that  with  au  estimate  of  100  estuaries,  and  an  average  of  2  bouys  each, 
plus  the  400  for  one  line  of  buoys  10  n  mi  off  the  coast  and  10  n  mi  apart, 
plus  the  is^O  for  the  Great  Lakes,  a  total  of  800  buoys  is  probably  a  conservative 
estimate  for  satisfying  the  data  requirements  of  FWPCA.  If  this  estimate  is  even 
approximately  correct,  the  large  number  of  required  near-shore,  estuarine,  and 
Great  Lakes  buoys,  as  compared  with  buoys  needed  for  other  operational  requirements, 
it  is  significant  and  implies  the  necessity  to  investigate  the  cost-effectiveness  aspects 
of  alternative  platforms,  such  as  fixed  towers  and  unmanned  data  buoys, 

4. 2. 2  Summary  of  Refined  Operational  Data  Requirements 

The  results  of  the  analysis  of  the  agencies'  refined  operational  data  require¬ 
ments  can  be  expressed  in  terms  of:  (a)  parameters  required,  (b)  applicability  of 
tentatively  proposed  "system"  sensing  characteristics,  and  (c)  observation  sites 
(buoys)  required.  The  desired  characteristics  of  measurements  of  the  refined 
operational  data  requirements  are  very  similar  to  the  proposed  "system"  values 
but  are  too  voluminous  to  present  here.  They  are  listed  in  the  assessment  sheets 
in  Appendix  IV. 

4. 2. 2. 1  Required  Parameters 

The  summary  of  the  parameters  required  by  the  DO  and  CNA  operational  activi¬ 
ties  of  the  agencies  plus  tir.ose  for  FWPCA  for  Near  Shore  estuaries  and  the  Great 
Lakes  are  given  in  Table  4-1.  For  convenience,  this  table  is  divided  into  parts  A  and 
B.  The  twenty  tentatively  proposed  "system"  parameters  are  listed  in  part  A.  Part  B 
contains  the  required  "grey  area"  parameters  and  those  "beyond  the  5-yr  buoy  SOA. " 
The  entries  in  the  table  are  coded  to  indicate  when  the  statement  of  requirement  for  that 
particular  parameter  was  made.  An  entry  of  "I"  means  that  the  parameter  was  Initially 
requested  by  the  agency  in  1967,  while  an  "A"  indicates  that  the  parameter  requirement 
was  added  during  the  1968  refinement  process.  As  indicated  in  Table  4-1  part  A, 

ESSA,  USAF,  and  USCG  made  ten  additions  of  meteorological  and  nine  of  oceanographic 
tentative  "system"  parameters,  while  FWPCA  added  two  of  each.  Air  Force  and  Navy 
indicated  refined  requirements  for  all  20  "system"  parameters,  for  at  least  some 
operation,  and  Coast  Guard  required  all  but  ambient  noise.  ESSA  indicated  a  need  for 
15  of  the  parameters  listed;  BCF  needed  only  eight. 
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TABLE  4-1 

PARAMETER*  REQUIRED  BY  AGENCIES  FOR 
OPERA. 'ONAL  ACTIVITIES 
(Refined  Requirement*) 


(a)  "System"  Parameter* 


Parameter* 

BCF 

ESSA 

1*5  A  F 

USCG 

USX 

FWPCA 

Meteorological 

Air  temperature 

1 

1 

1 

1 

1 

A 

Atmospheric  electricity 

A 

A 

I 

Atmospheric  pre**ure 

i 

f 

t 

Dew  point 

. 

A 

A 

A 

1 

insolation 

A 

A 

A 

Precipitation  rate 

A 

A 

A 

Wind  direction 

i 

1 

1 

i 

1 

1 

Wind  tpeed 

i 

i 

i 

t 

1 

i 

Oceam^ta^hlc 

Ambient  light 

A 

A 

1 

A 

Current  direction 

i 

I 

1 

t 

1 

1 

Current  speed 

i 

1 

i 

i 

I 

Salinity 

! 

| 

1 

! 

1 

1 

Sound  speed 

A 

A 

1 

J 

Transparency 

I 

A 

A 

1 

A 

Water  pressure 

A 

A 

1 

1 

Water  trnperature 

1 

i 

i 

i 

1 

| 

Wave  direction 

r 

I 

i 

1 

Wave  height 

i 

1 

W*v*  period 

l 

1 

\ 

t 

23  Addition* 


(b)  "Grev  An  i  V*  }  ftn.'ui  \  \*  Buoy  SOA"  Param*'.**, 


Parameters 

BC>' 

ESSA 

-  - 

t*SAF 

CSCi; 

lTs* 

mn-A 

Grey  Area 

: 

Bathymetry 

* 

t 

Bottom  photograph* 

J 

Elect,  vol.  conductivity 

V 

Gravity 

’  ■ 

.Magnetic  field  Intensity 

DeM* 

i  •! 

Magnetic  field  direction 

Os.'vtf 

Oxvgen 

t 

pH 

A 

1 

Propagation  loss 

• 

A 

I 

Radiologies!  chemical* 

1 

Sea  state 

1 # 

r 

Tidal  fluctuation 

Delete 

i 

Total  cloud  amount 

1 

i 

Turbidity 

A 

Pictures  of  fish 

t 

visibility 

1 

* 

Bevnnd  5-yr  Buoy  SOA 

Air  4en«Mtv 

j 

Atm  a*  electricity  (U/*) 

r 

Biological  parameter* 

1 

1 

Bottom  sampling 

I 

Chemical  parameter* 

1 

Chlorophyl 

Cloud  base 

1 

Cloud  top 

I 

Cosmic  radiation 

| 

Ice  crystal  sire 

Nutrients 

] 

| 

Ozone  content 

Plankton 

t 

Rawinaonde  (T,  P,  RH,y> 

!<Shta) 

1 

i 

1 

1 

Refractive  Index 

Vertical  motion  iu^a) 

r 

.1  Addition* 
3  Deletion*' 


Specific  parameters  required  by  all  responding  agencies  include  air  temperature, 
wind  velocity,  current  velocity,  salinity,  and  water  temperature.  Atmospheric  pres¬ 
sure,  dewpoint,  precipitation  rate ,  sound  speed,  transparency,  water  pressure,  and 
wave  measurements  are  needed  by  four  of  the  five  agencies  with  DO  and  CNA 
activities.  *  Insolation  and  ambient  light  are  wanted  by  two  thirds  of  all  agencies. 

This  leaves  atmospheric  electricity  required  only  by  USAF,  USCGy  and  USN;  ambient 
noise  is  needed  only  by  USN  on  an  ocean-wide  basis,  and  by  USAF  in  a  limited  region 
in  the  northeastern  part  of  the  Gulf  of  Mexico  in  support  of  the  Eglin  AFB  test  range. 
Thus,  with  some  exceptions,  the  proposed  20  "system"  parameters  and  measurement 
characteristics  generally  meet  a  large  part  of  the  stated  operational  data  requirements 
of  these  agencies. 

In  Part  B  of  Table  4-1,  there  are  corresponding  entries  of  "I"  and  "A"  for  the 
"grey  area"  and  "beyond-the-5-yr-SOA'  parameters,  but  it  should  be  noted  that  there 
were  only  three  additions  of  parameters  here  during  refinement  as  compared  to  the  23 
additions  of  "system",  parameters.  In  fact,  ESS  A  deleted  their  1967  stated  operational 
requirement  for  tidal  fluctuation  and  magnetic  field  intensity  and  direction.  Navy  had 
stated  requirements  for  22  non-"system"  parameters;  USCG  is  next,  stating  a  need  for 
eight  of  them.  Air  Force  and  FWPCA  need  only  five  non-"system"  parameters  and 
both  BCF  and  ESSA  need  only  upper  air  sounding  data. 

Rawinsonde  data,  which  represent  upper  air  profiles  of  humidity,  temperature, 
and  wind  plus  the  potential  of  other  computable  values,  are  required  by  all  the  agencies 
with  DO  and  CNA  operations.  Of  all  the  other  parameters,  there  are  only  eight  that  are 
required  even  by  two  agencies  ) namely,  biological  parameters,  cloud  amount,  nutrients 
oxygen,  pH,  propagation  loss,  refractive  index,  and  visibility).  Since  there  are  limited 
requirements  for  some  of  the  parameters  in  Table  4-1  Part  B,  and  some  may  be 
better  measured  by  other  existing  or  potential  platform  capabilities,  further  investiga¬ 
tion  into  these  requirements  and  the  need  for  estimates  of  their  relative  values  or 
priorities  is  indicated. 

These  refined  operational  data  requirements  can  be  separated  into  the  data  needs 
for  the  Deep  Ocean  region  and  those  for  the  Coastal  North  American  region  and,  within 

*  FWPCA  is  restricted  to  near-shore  waters. 
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these  regions,  those  requirements  with  global  or  general  coverage  and  those  limited 
areas  only  can  be  delineated.  In  addition,  although  they  are  stated  data  requirements, 
the  parameters  required  by  only  one  agency  could  be  set  aside  temporarily  and  only 
parameters  required  by  two  or  more  agencies  considered  for  an  initial  summary  of 
"system"  requirements.  (This  assumes  that  all  requirements  are  of  equal  importance 
and  that  commonality  of  need  is  justification  for  including  a  parameter. )  Although  not 
all  important  system  aspects  have  been  considered,  commonality  of  data  requirements 
does  provide  a  rational  framework  for  delineation  of  possible  initial  DO  and  CNA 
"system"  sensing  characteristics.  *  Table  4-2  presents  this  information. 

.  4,  2.2. 2  Applicability  of  the  Tentatively  Proposed  "System." 

The  applicability  of  the  tentatively  proposed  "system"  sensing  characteristics 

to  the  refined  stated  data  requirements  of  the  operational  DO  and  CNA  activities  of  the 

TABLE  4-2 

PARAMETERS  COMMONLY  REQUIRED  FOR  DO  AND  CNA  BY 
OPERATIONAL  ACTIVITIES 
(Refined  Requirements) 


Parameters 

DO 

CNA 

Proposed  "System" 

General 

ALL  20 

15  of  20  are  required  for  the  CNA  region* 

Limited  Areas 

19  of  20  ar-  required  for  continental  shelf 
area;  the  20th  (ambient  noise)  Is  required 
for  the  NE  Gulf  of  Mexico 

Grey  Area 

Global 

General 

Total  cloud 
amount 

Limited  Areas 

Limited  Areas 

Bathymetry 

Bathymetry 

>  5-yr  SOA 

Global 

General 

Upper-air 
temperature, 
pressure, 
humidity  and 
wind,  refractive 
index,  visibility 

Upper-air  temperature,  pressure, 
humidity  and  wind 

Limited  Areas 

Limited  Areas 

L _ 

Nutrients 

j _ 

•Atmospheric,  electricity,  insolation,  ambient  light,  ambient  noise,  and 
transparency  not  required, 


♦Relative  values  of  parameters,  observational  layers,  relative  worth  of  missions, 
cost  effectiveness,  and  development  feasibility  are  among  other  important  systems 
aspects  which  should  also  be  considered. 
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five  agencies  can  be  expressed  in  terms  of  the  number  of  requirements  fully  met,  and 
those  not  met  and  why.  These  points  are  summarized  in  Table  4-3. 

4. 2. 2. 3  Number  of  Observation  Sites  (Buoys)  Required 

Once  refined  agency  data  requirements  for  observations  at  various  ocean  loca¬ 
tions  have  been  collected  and  analyzed,  it  is  possible  to  determine  first  the  number  of 
observation  s ites  required  to  satisfy  each  agency's  requirements,  taking  into  account 
the  redundancy  (or  commonality)  of  that  agency's  requirements  at  some  of  the  sites. 
Second,  all  of  the  sites  required  by  all  the  agencies  can  be  analyzed  for  commonality 
of  requirements  at  some  sites.  Then  the  minimum  number  of  observation  sites  needed 
to  satisfy  all  agencies'  operational  data  requirements  can  be  determined.  Table  4-4, 
discussed  in  detail  in  the  next  paragraph,  delineates  the  individual  agency  buoy  systems 


TABLE  4-3 

“SYSTEM”  APPLICABILITY  TO  REFINED  OPERATIONAL  DATA  REQUIREMENTS 


Agency 

Fully  met 

Why  not  met 

Meteoro¬ 

logical 

Oceano¬ 

graphic 

Not  met 

BCF 

3 

5 

2  Oceanographic 

Fine  x,  y  scale  in  limited 

CNA  area. 

1  Upper -Air 

>  5-yr  buoy  SOA 

ESSA 

6 

9 

5  Upper-Air 

>  5-yr  buoy  SOA 

USAF/AWS 

8 

: 

12 

1  Meteorological 

"Grey  h  ;  .-a” 

9  Upper-Air 

>  5-yr  buoy  SOA 

USCG 

8 

12 

IS  “System” 

Fine  spacing  in  limited  DO 

. 

j 

&  CNA  areas 

■ 

2  Oceanographic 

“Grey  Area” 

— 

-5- Oceanographic 

>  5-yr  buoy  SOA  \  — 

5  Upper-Air 

>  5-yr  buoy  SOA 

USN 

8 

12 

14  “System” 

Fine  spacing  in  limited  DO 

&  CNA  test  range  areas 

8  Oceanographic 

“Grey  Area” 

&  1  Meteoro- 

logical 

3  Oceanographic 

>5-yr  buoy  SOA 

13  Upper-Air 

>  5-yr  buoy  SOA 
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(total  observation  sites  required)  needed  to  meet  the  refined  operational  requirements 
of  each  agency.  There  is,  of  course,  some  redundancy  remaining  because  these 
agency  buoy  systems,  if  deployed,  would  overlap  each  other  in  some  regions.  This 
redundancy  represents  the  commonality  among  requirements  of  different  agencies. 
Table  4-5  summarizes  the  total  number  of  required  observation  sites  made  up  of 
"system"  (NDBS)  and  non-"system"  sites  that  would  satisfy,  without  redundancy,  all 
the  combined  individual  agency  data  requirements  of  Table  4-4.  In  addition.  Table 
4-5  delineates  the  distribution  of  total  national  data  requirements  at  the  required 
observation  sites  and  demonstrates  the  applicability  of  a  DO  network  of  buoys  with  a 
Spacing  of  approximately  600  riant,  mi  and  a  CNA  network  with  a  variable  (100  to  150 
naut.  mi)  spacing.  Such  networks  have  been  considered  by  agency  representatives  as 
acceptable  for  an  initial  NDBS. 


TABLE  4-4 

NUMBER  OF  OBSERVATION  SITES  (BUOYS)  REQUIRED  FOR  REFINED  AGENCY  OPERATIONAL  DATA  REQUIREMENTS 


Deep  Ocean 

Coastal  North  America 

Total* 

require  me  nta 
for  oba 
at  attea 

Distribution  of  requirements 
at  oba.  attes 

Total  ' 
sites 
requl  red 
(buoys) 

Total* 

requirements 
for  oba 
at  attea 

Distribution  of  requirements 
at  obs.  sites 

Total 

aitaa 

required 

Ibuoysl 

1 

Rqt 

2 

Rqt 

3 

Rqt 

4 

Rqt 

1 

Rqt 

2 

Rqts 

3 

Rqts 

4 

Rqt 

BCF 

110 

48 

31 

0 

0 

79 

290 

80 

105 

0 

0 

135 

ESSA 

261 

261 

0 

0 

0 

261 

279 

279 

0 

0 

0 

279 

USAF 

305 

281 

12 

0 

0 

293 

12 

12 

0 

0 

0 

12 

USCG 

153 

143 

< 

0 

0 

149 

519 

469 

25 

0 

0 

494 

USN 

531 

2 

261 

1 

1 

265 

18 

16 

1 

0 

0 

17 

Totats 

1362 

735 

310 

1 

1 

1047 

1118 

856 

131 

0 

0 

987 

•Common  use  of  an  observation  site  for  more  than  one  set  (AMO)  of  data  requirements  has  been  considered  in 
thla  column. 


TABLE  4-5 

NUMBER  OF  OBSERVATION  SITES  (BUOYS)  REQUIRED  FOR  REFINED  NATIONAL  OPERATIONAL  DATA  REQUIREMENTS 


Total* 

requirements 

Distribution  of  requirements 
at  ''system'’  sites 

Required 

"system” 

Distribution  of  requirements 
at  non-"svstem”  sites 

Required 
non -"system" 

Total 

required  no. 

for  oba 
at  sites 

1 

Rqt 

2 

Rqts 

3 

Rqts 

4 

Rqts 

5 

Rqts 

*5 

Rqts 

■  1 

(buoys) 

1 

Rqt 

2 

Rqts 

>2 

Rqts 

sites 

(buoys) 

of  sites 
(buoys) 

DO 

1362 

0 

0 

0 

172 

46 

43 

261 

165 

8 

0 

173 

434 

CNA 

1118 

93 

77 

100 

8 

1 

0 

279 

482 

26 

0 

508 

787 

Totals 

2480 

93 

77 

— _ 

300 

180 

43 

540 

647 

34 

0 

681 

1221 

•Common  on  of  an  observation  site  for  more  than  one  set  (AMO)  of  data  requirements  has  not  been  considered  In  this 
column. 


Each  agency's  total  data  requirements  for  observations  at  sites  are  separated 
Into  two  categories  In  Table  4-4:  those  in  DO  and  those  in  CNA.  These  total  require¬ 
ments  are  the  sum  for  each  AMO  of  all  requirements  for  observations  at  sites  without 
regard  to  whether  some  sites  from  one  AMO  could  be  common  with  those  of  another 
AMO.  ha  the  next  four  columns  under  both  the  DO  and  CNA  regions,  the  distribution 
of  these  total  requ  iements  at  required  observation  sites  is  presented  by  indicating 
the  number  of  sites  accommodating  one,  two,  three,  or  four  requirements  at  each  site. 
Thus,  for  each  agency,  the  sum  of  the  number  of  observation  sites  multiplied  by  the 
number  of  requirements  supported  at  each  site  equals  the  total  requirements  for 
observation  sites.  The  sum  of  the  number  of  observation  sites  supporting  single  or 
multiple  requirements  equals  the  total  number  of  observation  sites  (buoys)  required  to 
meet  each  agency's  total  requirements.  The  total  sites  required  (in  the  last  columns 
under  both  DO  and  CNA  regions)  takes  into  account  the  amount  of  commonality  at 
observation  sites  that  exists  among  the  various  AMOs  of  each  agency.  For  example, 
the  110  total  DO  requirements  for  BCF  are  distributed  as  48  requirements  at  sites 
supporting  only  one  BCF  requirement  and  62  requirements  at  31  sites  each  supporting 
two  BCF  requirements.  These  48  single  and  31  double  requirement  observation  sites 
equal  79  DO  observation  sites  (buoys)  that  meet  all  110  BCF  requirements. 

At  the  bottom  of  Table  4-4,  the  numbers  in  each  of  these  columns  are  totaled. 
Thus,  there  are  1362  total  DO  requirements  for  the  five  agencies  individually.  These 
requirements  can  be  satisfied  by  only  1047  observational  sites  because  some  would  be 
supporting  the  requirements  of  more  than  one  agency.  Of  these  1047  DO  observation 
sites,  735  sites  support  one  set  of  data  requirements  each,  while  310  sites  support 

two  requirements.  There  would  be  one  site  supporting  three  Navy  requirements  and _ 

one  supporting  four  Navy  requirements. 

The  NDBS,  however,  must  be  structured  on  the  basis  of  commonality  among 
agencies,  not  just  within  agencies.  Therefore,  although  Table  4-4  represents  the 
summary  of  the  required  number  of  buoys  to  support  the  operational  activities  of  each 
agency,  a  smaller  number  of  buoys  will  be  required  to  meet  the  combined  or  national 
data  requirements.  This  is  developed  in  Table  4-5,  which  also  begins  with  the  total 
number  of  observations  at  sites  (1362  DO  and  1118  CNA)  by  all  agencies  to  meet  the 
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data  requirements  of  each  AMO  considered  Individually  (1.  e. ,  Mth  no  commonality 
among  AMOs  considered).  In  the  next  few  columns,  the  distribution  of  these  require¬ 
ments  is  given  for  tentatively  proposed  "system”  observation  sites  and  for  non- 
"system"  observation  sites.  The  number  of  "system"  sites  has  been  summed  to 
Indicate  the  total  number  of  "system"  sites;  the  total  number  of  non-"system"  obser¬ 
vation  sites  is  also  given.  These  are  combined  in  the  final  column  and  they  equal  the 
total  number  of  required  observation  sites  or  buoy  locations,  namely  434  sites  re¬ 
quired  in  DO  and  787  sites  required  in  CNA.  Table  4-4  shows  that  if  the  five  agencies 
implemented  individual  data  buoy  systems  to  meet  each  agency’s  operational  data 
requirements,  the  five  agencies  would  instrument  2034  (1047  +  987)  buoys  to  satisfy 
2480  (1362  +  1118)  total  requirements  for  observations  at  sites.  However,  by  com¬ 
bining  all  five  agencies'  operational  data  requirements ,  the  same  task  can  be  accomp¬ 
lished  by  a  single  combined  system  with  buoys  at  only  1221  (434  +  787)  sites.  Thus, 
a  reduction  of  about  40  percent  would  be  achieved  by  serving  the  five  agencies  with  a 
single  combined  DO  and  CNA  operational  data  buoy  system. 

In  Section  4. 1,  the  rationale  for  the  600-n  mi  grid  DO  network  and  the  100  to 
150  n  mi  grid  CNA  network  was  presented  in  detail.  These  two  networks,  while 
not  satisfying  all  requirements,  would  cover  with  a  total  of  540  buoys,  the  ocean  areas 
in  which  requirements  for  operational  observations  exist  Buoys  would  have  to  be 
placed  at  681  additional  sites  to  meet  the  remainder  of  the  location  requirements. 
However,  Table  4-5  indicates  that  the  540  buoys  in  the  tentatively  proposed  DO  and 
CNA  "system"  networks  are  located  primarily  at  points  that  each  have  numerous 
common  requirements.  For  example,  370  of  the  540  buoys  satisfy  three  or  more 
observational  site  requirements,  and _77_ satisfy  two  site  requirements,  leaving  only 
93.  that  satisfy  only  one  site  requirement.  In  fact,  the  540  buoys  satisfy  1765  of  the 
total  2480  requirements  for  observations  at  sites,  leaving  unsatisfied  only  715  of  the 
total  requirements;  1.  e. ,  more  than  two-thirds  of  the  total  requirements  for  observa¬ 
tions  at  sites  are  satisfied  by  the  "system"  CNA  and  DO  networks. 

Table  4-5  shows  that  there  are  381  non-"system"  sites  needed  to  satisfy  the 
remaining  715  observations  data  requirements,  because  the  majority  of  these  sites 
satisfy  only  a  single  observational  requirement.  USCG  Ice  Patrol,  Standard  Sections, 
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and  Ocean  Service  account  for  nearly  600  of  the  non-"system"  site  requirements. 

More  will  be  said  about  this  in  later  sections. 

4.  2.  2. 4  Requirements  by  Modular  Deployment  Zones 

The  Deep  Ocean  and  the  Coastal  North  American  regions,  which  have  nearly 
equal  numbers  of  required  buoys  (~  261  vs.  279  in  proposed  "system'*  networks,  can 
be  broken  up  into  modular  deployment  zones  (MDZs).  These  zones  would  represent 
areas  within  which  the  data  requirements  and  the  benfits  obtained  from  the  data  might 
be  relatively  homogeneous.  The  number  of  "system"  buoys  per  zone  would  be  essen¬ 
tially  equal  and  the  buoys  could  be  deployed  in  any  desired  stepwise  fashion,  zone  by 
zone.  One  suggested  breakdown  into  MDZs  is  presented  in  Fig.  4-3.  The  names  and 
initials  of  these  various  MDZs  and  the  required  number  of  tentatively  proposed  "sys¬ 
tem"  network  buoys  for  each  zone  are  indicated  in  Table  4-6. 

These  modular  deployment  zones  are  primarily  of  interest  for  delineating  the 
deployment  problem  and  studying  various  deployment  methods  and  capabilities  as  a 
basis  for  system  trade-offs.  Relating  the  refined  operational  data  requirements  of 
the  agencies  to  these  same  MDZ  categories  provides  a  basis  for  more  detailed  analysis. 
Table  4-7  shows  those  agencies  that  have  data  requirements  in  each  MDZ.  The 
numbered  entries  show  the  requirements  of  each  agency  without  consideration  for  the 
potential  redundancy  of  common  observation  sites  among  the  different  agencies.  The 
entries,  indicating  each  agency's  needs  in  a  given  DO  or  CNA  MDZ,  indicate  in  the 
first  column  under  the  agency  the  required  number  of  data  observation  sites  (or  buoys) 
that  fall  in  the  tentatively  proposed  "system"  networks  which  are  spaced  600  naut.  mi. 
in  DO  and  100  to  150  naut.  mi.  in  CNA.  The  number  of  non- "system"  data  observa¬ 
tion  sites  that  are  required  on  too  fine  a  scale  for  the  "system"  network  are  entered 
in  lhe  second  column  under  the  agency.  The  number  of  required  "system"  sites  (or 
buoys)  per  MDZ  by  an  agency,  as  compared  with  the  total  number  required  by  the 
"system"  network  to  cover  that  MDZ,  as  indicated  in  Table  4-6,  is  an  indication  of  the 
percentage  coverage  required  for  that  zone  by  die  agency.  For  example,  if  only  4 
"system"  network  buoys  are  required  by  an  agency  in  a  given  zone  which  has  40  "sys¬ 
tem"  network  buoys  assigned  to  it  that  agency's  data  requirements  in  that  zone  call  for 
very  limited  coverage.  Of  course,  the  agency  may  have  many  non-network  buoys 
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required  in  that  zone  also,  but  these  are  probably  restricted  to  a  limited  portion  of  the 
zone  and  are  often  concentrated  in  a  very  fine-scale  spacing  and  thus  have  little  to  do 
with  coverage  of  the  entire  zone.  It  should  be  noted  that  only  ESSA  has  an  operational 

requirement  for  data  from  every  one  of  the  13  zones  and  that  coverage  is  complete  or 

‘  \ 

equivalent  to  the  entire  tentatively  proposed  buoy  "system"  network  in  each  zone.  Air 
Force  and  Navy  also  have  oomplete  "system"  network  coverage  requirements  in  the 
Deep  Ocean,  but  stated  a  need  for  only  a  few  locations  in  CNA  for  support  of  test 
ranges.  The  operational  requirements  for  BCF  are  limited  at  this  time  to  the  Pacific 
Ocean.  However,  if  and  when  their  applied  research  for  corresponding  problems  in 
the  Gulf  of  Mexico  and  the  Atlantic  ocean  produces  operational  procedures,  BCF  may 
well  become  an  agency  with  more  widespread  requirements,  probably  in  all  the  MDZs. 

TABLE  4-6 

PROPOSED  MODULAR  DEPLOYMENT  ZONES  AND  "SYSTEM"  SITES 


Deep  Ocean 

Coastal  N.  America 

Number  of 

Number  of 

Name 

"System" 

Observation 

Name 

"System" 

Observation 

Sites  (buoys) 

Sites  (buoys) 

N.  Atlantic 

(NA) 

38 

Grand  Banks 

(GB) 

43 

N.  Pacific  East 

(NPE) 

36 

East  Coast  (U.S.) 

(EC) 

47 

N.  Pacific  West 

(NPW) 

35 

Gulf  of  Mexico 

(GM) 

54 

S.  Atlantic 

(SA) 

33 

Mexican  Coast  (West) 

(MC) 

36 

S.  Pacific  East 

(SPE) 

49 

West  Coast  (U.S.) 

(WC) 

51 

3.  Pacific  West 

(SPW) 

35 

Gulf  of  Alaska 

(GA) 

48 

Indian  Ocean* 

(IND) 

35 

. 

. 

Total 

261 

Total 

279 

♦Mostly  in  Southern  Hemisphere 


As  indicated  directly  above  in  Section  4.  2.  2. 3,  most  agencies  have  very  few  re¬ 
quirements  for  non-"system"  network  buoy  locations.  This  is  delineated  further  by 
MDZe  in  Table  4-7.  BCF  has  a  total  of  50  in  the  West  Coast  MDZ  to  sense  the  small- 
scale  features  near  the  U.S.  coast  while,  with  the  exception  of  U.  S.  Coast  Guard,  the 
rest  of  the  agencies  have  few  (or  no)  similar  requirements.  On  the  other  hand,  Coast 


1 
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REFINED  AGENCY  OPERATIONAL  DATA  REQUIREMENTS  FOR  TOTAL  REQUIRED  SITES  BY  MDZ* 


Guard  has  nearly  10  times  more  requirements  for  non-"system"  sites  than  it  has  for 
’’system"  sites.  The  distribution  by  MDZs  of  USCG  requirements  for  non-"system" 
network  locations  is  delineated  in  Table  4-7,  with  255  of  the  total  445  located  in  the 
Grand  Banki?  MDZ  to  support  requirements  for  Ice  Patrol  and  Standard  Sections.* 

In  Table  4-7,  last  two  columns  on  the  right,  titled  "Total  Requirements,"  shew 
the  sum  of  all  agency  requirements  in  each  MDZ  for  "system"  network  sites  and  for 
non-"system"  observation  sites.  These  are  the  total  of  all  observation  sites  required- 
by  each  agency,  assuming  each  had  its  own  data  buoy  network.  Thus,  observation  site 
requirement  redundancy  among  the  several  AMOs  of  a  given  agency  has  been  con¬ 
sidered  and  eliminated,  but  the  corresponding  redundancy  among  the  various  agencies 
for  observation  sites  has  not  been  eliminated.  Thus,  if  all  five  agencies  had  individual 
data  buoy  systems,  872  Deep  Ocean  observation  sites  would  be  required,  at  "system" 
spacing  (600  n  mi),  ^76  CNA  observation  sites  would  be  required,  with  100  to 
150  n  mi  spacing,  and  175  DO  and  511  CNA  non-"system"  sites  (a  total  of  2034) 
would  be  required  to  meet  all  the  refined  operational  data  requirements  of  the  five 
agencies.  However,  by  choosing  observation  sites  that  can  serve  several  agencies  in 
common,  as  in  a  truly  national  (or  combined)  data  buoy  system,  considerably  fewer 
buoys  (1221)  would  be  required  for  the  operational  requirements  as  shown  in  Table 
4-5-  The  details  of  such  a  combined  system  are  presented  by  MDZs  in  Table  4-8. 

This  table  shows,  in  part  A,  the  tentatively  proposed  "system"  network  sites  and,  in 
part  B,  the  non-"system"  sites;  each  part  in  turn  is  divided  into  the  MDZs  of  the  Deep 
Ocean  and  Coastal  North  American  regions,  hi  the  first  column  after  the  names  of  the 
MDZs  in  each  part  of  the  table,  the  total  requirements  for  individual  observation  sites, 
for  all  AMOs  for  all  agencies,  is  given  without  consideration  of  potentia'  redundancy  at 
common  observation  sites.  Thus,  the  total  data  requirements  for  "system"  observa¬ 
tion  sites  (1181  DO  and  584  CNA)  plus  those  for  non-"system"  observation  sites  (181 
DO  and  534  CNA)  is  2480  in  Table  4-8;  it  is  the  same  as  the  total  individual  AMO  data 
requirements  (2480)  for  observation  sites  for  DO  (1362)  and  CNA  (1118)  in  Tables  4-4 
and  4-5.  In  Table  4-8,  as  was  done  in  Table  4-4,  other  columns  show  the  distribution 
of  these  total  requirements  at  required  observation  sites  along  with  the  numbers  of 
requirements  accommodated.  These  data  are  given  by  MDZs  rather  than  as  totals  for 
DO  and  CNA.  In  the  final  oolumn  in  each  part  of  Table  4-8,  the  minimum  total 

♦Most  of  these  USCG  requirements  are  for  monthly  or  bi-weekly  observations.  See 
footnote,  page  43. 
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number  (after  site  redundancy  has  been  eliminated)  of  required  observation  sites  (or 
buoys)  in  eac*:  MDZ  is  shown  for  a  combined  or  national  system.  The  total  of  540 
"system”  sites  (261  DO  and  279  CNA)  plus  681  non-^aystero"  sites  (173  DO  and  508 
CNA)  gives  1221  require'*  sites  to  meet  the  total  requirements  for  observations  at 
sites  (2480)  of  all  agencies;  it  is  the  same  as  the  434  DO  and  787  CNA  that  give  1221 
required  sites  in  Table  4-5.  Parts  A  and  B  of  Table  4-8  delineate  by  MDZs  the  results  ~ 
of  an  analysis  of  the  distribution  of  total  data  requirements  at  observation  sites  for 
combined  data  collection  from  tentatively  proposed  "system"  networks  and  non- 
"system"  sites.  These  results  demonstrate  that  even  at  the  level  of  thirteen  MDZs, 
as  compared  to  the  previous  results  at  two  regions  (DO  and  CNA),  the  number  of  sets 
of  data  requirements  satisfied  by  "system"  observation  sites  is  generally  quite  sig¬ 
nificant.  Only  Grand  Banks,  .Jast  Coast,  Gulf  of  Mexico,  and  Gulf  of  Alaska  MDZs 
do  not,  on  the  average,  have  at  least  three  or  more  requirements  per  site.  However, 
at  non~"system"  sites,  all  or  the  great  majority  of  observation  sites  in  each  MDZ 
support  the  data  requirements  of  only  a  single  operational  activity.  This  detailed 
analysis  by  MDZs  demonstrates  that  the  540  "system"  sites  (or  buoy3)  would  satisfy 
1765  of  the  total  2480  requirements  for  observational  data.  The  results  of  this  analysis 
of  the  distribution  of  data  requirements  at  observation  sitc3  in  MDZs  is  anticipated  to 
be  of  value  to  buoy  deployment  plans,  .g. 

4.  2.  2.  5  Parameter  Requirements  and  Locations  in  MDZs 

Table  4-8  shows  the  breakdown  of  the  DO  and  CNA  national  data  requirements 
into  thirteen  proposed  MDZs  including  the  number  of  "system"  network  sites  and 
non-"system"  sites  required  in  each  MDZ.  This  might  be  used  to  make  estimates  of 
relative  utility  of  data  buoys  In  one  zone  as  compared  .to  another.  However,  it  gives — 
no  inkling  of  whether  some  parameters  are  more  important  than  others  in  some  zones. 
To  document  this  aspect  of  the  refined  data  requirements,  the  total  number  of  indi¬ 
vidual  AMO  requirements  for  observation  of  each  of  the  parameters  required  for 
operational  activities  was  listed  with  the  total  number  of  required  data  locations  (sites) 
to  which  these  would  reduce  if  commonality  were  considered.  The  number  or  required 
locations  for  each  parameter  was  categorized  further  by  the  required  number  of 
"system"  network  and  non-"system"  locations  and  how  many  of  the  data  locations  had 
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TABLE  4-8 

REQUIRED  NUMBER  OF  OBSERVATION  SITES  (BUOYS)  BY  MDZ  FOR  REFINED 
NATIONAL  OPERATIONAL  DATA  REQUIREMENTS 

A.  "System”  Network  Sites 
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66 
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2 

0 

0 

47 
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24 
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1 
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0 

0 

35 

GA 
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0 

30 

18 

0 

0 

49 
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35 

0 

0 

0 

0 

0 

35 

Totals 

1191 

172 

44 

40, 

2 

0 

1 

261** 

Totals 

584 

93 

77 

100 

8 

1 

279** 

•Common  use  of  an  observation  site  for  more  than  one  set  (AMO)  of  data  requirements  has  not  been  considered  in  this 
column. 

••See  Table  4-5. 


I 


B.  Non-,'8y8tem,’  sites 
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0 

0 

0 

0 

Totals 

191 

165 

8 

0 
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Totals 

534 

482 

26 

508** 

•Common  use  of  an  observation  site  for  more  than  one  set  (AMO)  of  data  requirements 
has  not  been  considered  In  this  column. 

••See  Table  4-5. 


requirements  from  1,  2,  3,  or  more  than  3  activities.  To  make  these  numbers  of 
parameter  requirements  and  data  locations  more  meaningful,  and  to  provide  one 
measure  of  the  relative  importance  of  the  various  parameters  in  the  different  MDZs, 
bar  graphs  of  these  numbers  of  parameter  requirements  and  required  data  locations 
were  prepared.  The  parameters  on  these  bar  graphs  are  separated  into  groups  of 
"system,  "  "grey  area,"  and  "beyond  the  5-yr  buoy  SOA"  so  that  relevant  comparison 
can  be  made.  This  information  is  presented  for  each  MDZ  in  the  following  simplified 
bar  graph  plotting  model. 


Requirements  and  Locations 
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Bar  graph  plotting  model. 

The  full  length  of  Bar  A  represents  the  total  number  of  independent,  or  individual, 
requirements  for  that  parameter  regardless  of  whether  several  may  be  for  similar 

locations.  This  full  length  minus  the  hatched  portion  (number  of  requirements  in  _ 

excess  of  one  at  common  locations)  leaves  the  unhatched  portion  of  Bar  A  which  repre¬ 
sents  the  total  number  of  separate  locations  required  to  meet  the  total  requirements 
when  commonality  is  combined  at  each  location  where  possible.  Directly  beneath  Bar 
A,  the  full  length  of  Bar  B  indicates  the  total  number  of  the  tentatively  proposed 
"system"  buoy  network  locations  involved  in  the  total  number  of  required  locations.  Of 
course,  the  difference  between  Bar  A  and  Bar  B  then  is  the  number  of  required  non- 
"system"  locations.  Bar  B,  representing  required  "system"  network  locations,  is 
further  divided  by  cross  hatching.  The  numeral  in  each  portion  of  the  bar  indicates 
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the  number  of  different  AMO  requirements  for  that  parameter  at  each  of  those  "system" 
network  locations.  For  example,  a  “3"  in  the  clear  portion  of  Bar  B  that  extends  to  "30” 
on  the  scale,  indicates  that  each  of  30  "system"  network  locations  has  three  different 
AMO  requirements  for  that  parameter.  If  the  hatchec  area  extends  on  to  45  and  has  a 
number  4  in  it,  this  means  15  more  network  locations  in  that  zone  have  4  common 
AMO  requirements  for  that  parameter  at  each  of  those  locations.  All  this  information 
on  the  number  of  parameter  requirements  and  data  locations  is  presented  with  two 
pages  of  bar  graphs  for  each  MDZ  in  Table  4-9  (A  thnugh  M). 

4.  2.2.6  Tentative  Observation  Sites  in  MDZs 

The  summary  of  the  analysis  of  operational  data  requirements  has  indicated  the 

li  ,!  i 

imfportant  qualities  oxf  properties  of  these  refined  requirements  with  the  exception  of 
the  exact  sites  or  locations  from  which  specific  data  are  required.  In  most  cases,  the 
data  locations  are  arbitrary  or  a  matter  for  interpretation.  Very  few  agencies  have 
activities  that  require  data  from  a  precise  geographical  location;  rather,  most 
agencies  require  areas  of  die  ocean  to  be  sampled  from  a  specified  mesh  or  grid 
spacing  which  can  be  made  to  coincide  wiih  certain  specific  locations  such  as  those 
required  by  test  ranges.  Agencies  submitted  only  a  few  chart  displays  with  require¬ 
ments  that  specified  exact  locations  from  which  the  agency  wanted  data  collected.  Thus, 

■  t 

the  charts  included  in  this  report,  showing  tentatively  proposed  data  observation  sites, 
are  the  result  of  the  analysis  and  TRC's  interpretation  of  the  agencies'  statements  of 
refined  ope.-ational  ^iata  requirements.  For  the  convenience  of  handling  and  communi¬ 
cating  the  desired  inlformatibn,  and  for  support  to  system  deployment  trade-off  studies, 
those  locations  from  which  it  is  understood  data  will  likely  be  required  are  treated  as 
sites  for  data  observations  (buoys)  in  each  of  the  thirteen  MDZs.  The  charts,  which 
are  presented  as  Fig.  4-4  (A  throu^i  M),  indicate  the  "system"  network  observation 
sites,  the  non-"system"  observation  sites,  and  the  numbers  of  sites  of  each  type.  In 
addition,  distinction  is  made  between  those  observation  sites,  both  "system"  and  non- 
"system,"  that  support  only  one  requirement  and  those  that  support  multiple  require¬ 
ments.  In  some  MDZs  (e.  g. ,  East  Coast),  toe  majority  of  the  sites  support  only  one 

requirement  while,  In  others  (e.  g. ,  North  Atlantic),  every  observation  site  supports 

I 

the  requirements  of  at  least  four  different  AMDs  (in  the  N.  Atlantic,  the  requirements 

|  ‘ 

are  from  three  different  agencies).  j 
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TABLE  4 -9 A 

REFINED  NATIONAL  OPERATIONAL  PARAMETER  REQUIREMENTS  BY  MDZ 
(GRAND  BANKS  MDZ:  43  Buoy  "System"  Network) 
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TABLE  4-9A  (Continued) 

REFINED  NATIONAL  OPERATIONAL  PARAMETER  REQUIREMENTS  BY  MDZ 
(GRAND  BANKS  MDZ:  43  Buoy  "System"  Network) 
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TABLE  4-9 B 

REFINED  NATIONAL  OPERATIONAL  PARAMETER  REQUIREMENTS  BY  MDZ 
(EAST  COAST  (U.  S. )  MDZ:  47  Buoy  "System”  Network) 
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TABLE  4-9 B  (Continued) 

REFINED  NATIONAL  OPERATIONAL  PARAMETER  REQUIREMENTS  BY  MDZ 


. T~- 
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TABLE  4-9C 

REFINED  NATIONAL  OPERATIONAL  PARAMETER  REQUIREMENTS  BY  MDZ 
(GULF  OF  MEXICO  MDZ:  54  Buoy  "System"  Network) 


TABLE  4-9C  (Continued) 

REFINED  NATIONAL  OPERATIONAL  PARAMETER  REQUIREMENTS  BY  MDZ 
(GULF  OF  MEXICO  MDZ:  54  Buoy  "System"  Network) 
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TABLE  4-9D 

REFINED  NATIONAL  OPERATIONAL  PARAMETER  REQUIREMENTS  BY  MDZ 
(MEXICAN  COAST  MDZ:  36  Buoy  "System”  Network) 


TABLE  4-9 D  (Continued) 

REFINED  NATIONAL  OPERATIONAL  PARAMETER  REQUIREMENTS  B"! 
(MEXICAN  COAST  MDZ:  36  Buoy  "System"  Network) 
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TABLE  4-9E  (Continued) 

REFINED  NATIONAL  OPERATIONAL  PARAMETER  REQUIREMENTS  BY  MDZ 


TABLE  4-9  F 

REFINED  NATIONAL  OPERATIONAL  PARAMETER  REQUIREMENTS  BY  MDZ 
(GULF  OF  ALASKA  MDZ:  48  Buoy  "System"  Network) 


TABLE  4-9F  (Continued) 

REFINED  NATIONAL  OPERATIONAL  PARAMETER  REQUIREMENTS  BY  MDZ 
(GULF  OF  ALASKA  MDZ:  48  Buoy  "System"  Network) 


TABLE  4-9  G 

REFINED  NATIONAL  OPERATIONAL  PARAMETER  REQUIREMENTS  BY  MDZ 
(NORTH  ATLANTIC  MDZ:  38  Buoy  "System"  Network) 
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TABLE  4-9G  (Continued) 

REFINED  NATIONAL  OPERATIONAL  PARAMETER  REQUIREMENTS  BY  MDZ 
(NORTH  ATLANTIC  MDZ:  38  Buoy  "System"  Network) 
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parameters 


Requirements  and  locations  B  S  S  S  U 

20  30  40  50  55  50 100  200  300  S  5  ^  ® 


Sed.  dep. 


Tidal  fluct. 


Beyond  5-yr  SOA 
parameters 


Cld.  base 


Cld. iops 


Plankton 


Rawinsondi 


Refract,  indl  , 


5  unusual 
U/A  par. 


TABLE  4-9H  (Continued) 

REFINED  NATIONAL  OPERATIONAL  PARAMETER  REQUIREMENTS  BY  MDZ 
(NORTH  PACIFIC  EAST  MDZ:  36  Buoy  "System"  Network) 
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TABLE  4-91 

REFINED  NATIONAL  OPERATIONAL  PARAMETER  REQUIREMENTS  BY  MDZ 
(NORTH  PACIFIC  WEST  MDZ:  35  Buoy  "System"  Network) 
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TABLE  4-91  (Continued) 

REFINED  NATIONAL  OPERATIONAL  PARAMETER  REQUIREMENTS  BY  MDZ 
(NORTH  PACIFIC  WEST  MDZ:  35  Buoy  "System"  Network) 
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’  TABLE  4-9  J 

REFINED  NATIONAL  OPERATIONAL  PARAMETER  REQUIREMENTS  BY  MDZ 
(SOUTH  ATLANTIC  MDZ:  33  Buoy  "System"  Network) 
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TABLE  4-9J  (Continued) 

refined  national  operational  parameter  requirements  by  mdz 

^S0UTH  ATLANTIC  MDZ:  33  Buoy  "System  Network) 


TABLE  4-9K 

refined  national  operational  parameter  requirements  bt  mdz 
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REFINED  NATIONAL  OPERATIONAL  PARAMETER  REQUIREMENTS  BY  MDZ 
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REFINED  NATIONAL  OPERATIONAL  PARAMETER  REQUIREMENTS  BY  MDZ 
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Fig.  4-4A,  Tentative  observation  sites  in  Grand  Banks  MDZ  for  refined  national 
operational  data  requirements. 


Legend: 

a)  •  =  Tentative  "System"  Observation  Sites  (100  to  150  n  mi  Spacing) 
x  =  Non-"System"  Observation  Sites 


® ,®  =  More  than  1  AMO  Rqt. 

b)  Total  Numbers  of  Observation  Sites:  •  =  30;  x  =  83;  ®  =  17»  ®  -  10 


Fig.  4-4B.  Tentative  observation  sites  in  East  Coast  MDZfor  refined  national 
operational  data  requirements. 
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Legend: 

a)  ©  =  Tentative  "System”  Observation  Sites  (100  to  150  n  mi  Spacing) 
X  =  Non-"System"  Observation  Sites 


Fig.  4-4C.  Tentative  observation  sites  in  Gulf  of  Mexico  MDZfor  refined  national 
operational  data  requirements. 
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Legend: 

tl  1  *.  Tent.ative  "System"  Observation  Sites  -3  AMO  Eqta.  each  (100  to  ISO  n  mi  Spacing) 
b)  Total  Numbers  of  Observation  Sites:  •  =38 


Fig.  4-4D.  Tentative  observation  sites  in  Mexican  Coast  MDZ  for  refined  national  operational 
data  requirements. 
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Legend: 


a) 

b) 


X 

® 

9 


Tentative  "System"  Observation  Sites  -3  AMO  Rqts. 
Non-"System"  Observation  Sites 
More  than  3  AMO  Rqts. 

More  than  1  AMO  Rqt. 


Each  (100  to  1P0  n 


Total  Numbers  of  Observation  Sites:  •  =  42;  x  =  61;  ig  =  2;  ®  =  9 


mi  Spacing) 


Fig.  4-4E. 


Tentative  observation  sites  in  West  Coast 
operational  data  requirements.  " 


MDZ  for  refined  national 
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a)  •  =  Tentative  "System"  Observation  Sites  -2  AMO  Rqts.  Each 

(100  to  150  n  mi  Spacing) 

0=  More  than  2  AMO  Rqts. 

b)  Total  Numbers  of  Observation  Sites:  •  =  30;  0=  18 


Tentative  "System"  Observation  Sites  -4  AMO  Rqts.  Each  (600  n  mi  Spacing) 
Non-"System"  Observation  Sites  &  s  More  than  i  AMO  Rqt. 

More  than  4  AMO  Rqts.  _ 

Total  Numbers  of  Observation  Sites:  •  =  30;  x  =  83;  ®=  8;  ®  -  4 


Tentative  "System”  Observation  Sites  -5  AMO  Rqts.  Each  (600  n  mi  Spacli«) 
Non-"System"  Observation  Sites 


■4H.  Tentative  observation  sites  in  North  Pacific  East  MDZ  for  refined  national  operational  data  requirements. 


Tentative  "System"  Observation  Sites  -  4  AMO  Rqts.  Each  (600  n  mi  Spacing) 
Non-"System"  Observation  Sites  ®=  More  than  4  AMO  Rqts. 

Total  Numbers  of  Observation  Sites:  •  =  20;  x  =  8;  ®  =  29 


Fig.  4-4K.  Tentative  observation  sites  in  South  Pacific  East  MDZfor  refined  national  operational  data  requirements 


Fig.  4-4  L.  TeK'ilve  observation  altos  In  South  Pacific  West  MDZ  for  refined  national 
operational  data  requirements. 
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nd: 


•  -  Tentative  "System"  Observation  Sites  -4  AMO  Rqts. 
Each  {600  n  mi  Spacing) 

Total  Number  of  Observation  Sites:  •  =35 


Fig.  4-4M.  Tentative  observation  sites  in  Indian  Ocean  MDZ  for  refined 
national  operational  data  requirements 


4. 3  Analysts  of  Refined  Research  Data  Requirements 

The  procedure  followed  In  the  analysis  of  the  refined  research  requirements  was 
similar  to,  but  not  as  extensive  as,  that  used  to  analyze  the  refined  operational  re¬ 
quirements  (Section  4.2).  However,  since  the  research  requirements  varied  con¬ 
siderably,  even  within  an  agency,  it  was  decided  to  make  the  analysis  on  an  individual 
AMO  basis  rather  than  to  collapse  all  of  them  into  agency  requirements  as  was  done 
with  the  operational  AM Os. 

4. 3. 1  Summary  of  Refined  Research  Data  Requirements  1 

-  -The  summarized  analysis  results  are  presented  in  terms  of  refined  AMO  data 

requirements  and  are  shown  in  tables  similar  to  some  of  the  tables  in  Section  4111!.' 
There  are  48  statements  of  data  requirements  from  research  activities  in  this  refine¬ 
ment  analysis.  Thirty-three  of  these  requirement  statements  Incorporate  new  informa 
tion;  the  remaining  15  of  the  48  are  1967  statements  of  data  requirements  because 
refinement  responses  for  them  have  not  been  received  at  the  time  of  writing  of  this 
report.  No  changes  were  made  in  the  required  measurement  characteristics  for  these 
15  requirements  statements. 


4. 3. 1. 1  Required  Parameters 

. ■■■■-■—  »  . .  »■■ - "  "•  "  ■  •  P 

The  summary  of  the  parameters  required  by  the  48  AMOs  for  both  the  DO  and 
CNA  research  activities  is  given  in  Table  4-10.  This  table  is  divided  into  three  parts: 

A  gives  the  "system"  parameters,  part  B  lists  the  "grey  area"  parameter^,  and 
pat  shows  the  "bey ond  5-yr  buoy  SOA"  parameters.  Following  the  column  of  i  i< 
eter  names,  there  are  four  columns  in  the  table  labeled  ’initial"  (collected  in 
j, ,  "added"  or  "deleted"  during  refinement  (33  AMOs),  and  the  resulting  "total.”  - 


The  'entries  under  these  column  headings  are  the  numbers  of  AMO  statements  of  data 
requirements  involved.  Thus,  as  seen  in  Table  4-10A,  there  were  quite  a  few  addi¬ 
tions  of  "system"  parameters  mads  during  the  refinement  process  and  a  considerable 
number  of  deletions.  In  the  resultant  (total)  column,  of  the  48  AMO  requirement 
statements,  there  are  no  requirements  for  atmospheric  electricity  and  only  three  for 
ambient  noise,  and  six  each  for  precipitation  rate  and  sound  speed.  The  other  "sys¬ 
tem"  parameters  are  required  by  at  least  about  25%  of  the  research  AMOs.  The 
"system"  parameters  most  generally  required  for  support  of  research  activities  are 
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TABLE  4-10 

PARAMETERS  REQUIRED  BY  AMOg  FOR  RESEARCH  ACTIVITIES 
(Refined  Requirements) 

A.  "System"  Parameters 


Parameters 

Initial 

Added 

Deleted 

Total 

Meteorological 

Air  temperature 

6 

2 

22 

Atmospheric  electricity 

0 

0 

0 

0 

Atmospheric  pressure 

13 

4 

1 

16 

Dew  point 

11 

3 

0 

14 

Insolation 

8 

6 

0 

14 

Precipitation  rate 

4 

3 

1 

S 

Wind  direction 

30 

4 

2 

32 

Wind  speed 

30 

4 

2 

32 

Ocean  ogrcphic 

Ambient  light 

4 

10 

0 

14 

Ambient  noise 

1 

2 

0 

3 

Current  direction 

45 

4 

9 

40 

Current  speed 

46 

4 

9 

41 

Salinity 

35 

3 

3 

35 

Sound  speed 

6 

0 

0 

6 

Transparency 

9 

7 

0 

16 

Water  pressure 

12 

4 

1 

15 

Water  temperature 

44 

3 

9 

39 

Wave  direction 

10 

5 

1 

14 

Wave  height 

16 

3 

0 

19 

Wave  period 

7 

5 

1 

11 

B.  "Grey  Area"  Parameter* 


Parameters 

Initial 

Added 

Deleted 

Total 

Albedo 

1 

0 

. . 0  ... 

.  1 

Bathymetry 

m 

1 

0 

2 

Biological  growth 

SB 

1 

3 

Bottom  photography 

| 

0 

2 

Carbon  dioxide 

H 

1 

1 

2 

Elect,  vol.  conductivity 

2 

I 

0 

2 

Fog 

0 

HR 

0 

1 

Ice  accumulation 

1 

i 

1 

1 

Inclination 

1 

° 

0 

1 

Magnetic  field  int. 

2 

0 

1 

1 

Mooring  load 

0 

1 

0 

1 

Oxygen 

18 

2 

2 

18 

pH 

t 

1 

0 

2 

TABLE  4-10 


B.  "Grey  Area"  Parameters  (Continued) 


Parameters 

Initial 

Added 

Deleted 

Total 

Pictures  of  fish 

0 

1 

0 

1 

Propagation  loss 

0 

2 

0 

2 

Radiological  chemicals 

0 

1 

0 

1 

Resultant  wind  direction 

2 

0 

0 

2 

Resultant  wind  speed 

2 

0 

0 

2 

Sea  state 

3 

0 

1 

2 

Sediment  deposit 

0 

1 

&  0 

i 

Sub.  surface  insolation 

0 

1 

0 

i 

Tidal  fluctuation 

7 

3 

1 

9 

Total  cloud  amount 

3 

3 

0 

6 

Total  radiation  In 

1 

0 

0 

1 

Total  radiation  Out 

3 

2 

0 

5 

Turbidity 

2 

2 

0 

4 

Vertical  current 

1 

1 

0 

2 

Water  density 

0 

1 

0 

1 

Water  levet 

2 

0 

1 

1 

Wave  direction  spectrum 

1 

0 

0 

1 

C.  "Beyond  S-yr  Buoy  SOA"  Parameters 


Initial 

Added 

Deleted 

Total 

Biological  parameters 

3 

0 

1 

2 

Bottom  sampling 

1 

1 

0 

2 

Chlorophy! 

1 

0 

0 

1 

Cloud  base 

0 

1 

0 

1 

Cloud  type 

2 

1 

0 

3 

Dust 

0 

1 

0 

1 

EH 

1 

0 

0 

1 

Flux-heat 

3 

1 

0 

4 

Flux-mass 

1 

0 

0 

1 

Flux-momentum 

1 

0 

0 

1 

— Flux-water  vapor — 

1 "" 

0 

1 

Nitrates 

1 

0 

0 

1 

Nutrients 

3 

0 

0 

3 

Phosphates 

2 

0 

0 

2 

•’lankton 

4 

0 

0 

4 

Rawin 

1 

0 

0 

1 

Rawinacode  (T,  P,  RH,  V) 

2 

0 

0 

2 

Reynolds  stress 

2 

0 

1 

1 

Sediment  load 

1 

0 

0 

1 

Silicate 

1 

0 

0 

1 

Toxic  or  trace  metals 

0 

1 

0 

1 

w» -w .«**  vn»  ■'-<•?*  o.-^frr, r* 
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the  same  ones  required  by  most  operational  activities.  Certain  parameters  such  as 
atmospheric  electricity  and  ambient  noise,  etc.  are  required  by  only  a  small  per¬ 
centage  of  the  users. 

In  part  B  of  Table  4-10,  oxygen  is  the  most  required  parameter  (by  18  AMOs), 
with  tidal  fluctuation  a  lagging  second  (9  AMOs),  followed  by  total  cloud  amount 
(6  AMOs).  The  number  of  requirements  is  very  small  for  most  of  the  "grey  area" 
parameters;  less  than  10%  of  the  48  AMOs,  The  "beyond  the  5-yr  buoy  SOA"  param¬ 
eters  (Table  4-10,  part  C)  are  each  required  by  at  least  one  activity;  there  are  no 
requirements  indicated  by  a  large  percentage  of  the  activities  for  any  particular 
parameter.  Except  possibly  for  oxygen  and  tidal  fluctuation,  the  research  require¬ 
ments  for  "grey  area"  and  "beyond  the  5-yr  buoy  SOA"  parameters  are  not  likely  to  be 
involved  in  the  development  of  the  initial  NDBS. 

It  is  understood  that  although  a  given  parameter  may  be  required  by  only  one 
activity,  it  may  be  essential  to  that  activity  and  that  activity  may  be  of  great  importance 
to  the  nation.  At  this  time,  there  continues  to  be  a  question  concerning  which  param¬ 
eters  should  be  incorporated  in  the  initial  "system,  "  but  the  relative  importance  of 
certain  parameters  is  being  established.  Part  of  the  information  required  for  making 
this  decision  will  be  discussed  in  Section  5.  0,  "The  Relative  Importance  of  Required 
Parameters  and  Observing  Layers.  " 

4. 3. 1.2  Applicability  of  the  Tentatively  Proposed  "System" 

The  summary  of  refined  research  data  requirements  indicates  that,  in  addition 
to  parameters,  a  number  of  measurement  characteristics  will  be  completely  met  or  at 
least  partially  met  by  the  tentatively  proposed  "system"  sensing  characteristics.  Of 
the  48  research  activities  analyzed  in  this  study,  five  (AMOs  6,  11,  17,  62,  and  80) 
either  do  not  have  data  requirements  in  the  DO  or  CNA  region  or  do  not  have  require¬ 
ments  for  "system"  parameters.  Therefore,  the  tentatively  proposed  "system" 
cannot  be  applied  to  the  data  requirements  of  these  5  AMOs.  This  leaves  43  research 
activities  for  which  the  "system"  could  have  applicability.  About  half  of  these  43 
research  activities  are  interested  in  stud>  ing  in  detail  the  fine  scale  features  of  the 
marine  environment,  and  for  these  the  grid  spacings  of  the  "system"  are  too  gross  to 
obtain  the  desired  resolution  of  phenomena.  These  fine  grid  requirements  will 
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probably  be  satisfied  by  following  some  special  approach  recommended  by  a  national 
scientific  advisory  group.  However,  for  this  category  of  research  activities,  the 
required  parameters  have  been  included  in  Table  4-10  and  the  complete  statements  of 
their  data  requirements,  as  understood  at  this  time,  are  presented  on  their  assess¬ 
ment  sheets  in  Appendix  IV.  The  data  requirements  of  those  research  activities  tl*at 
can  be  met  (or  partially  met)  by  the  sensing  capabilities  of  the  tentatively  proposed 
"system”  will  be  discussed  further. 

4.3. 1.2. 1  Research  Requirements  Met  by  "System"  Network  Spacing 

The  tentatively  proposed  "system"  that  may  become  a  major  asset  to  the  opera¬ 
tional  activities  would  also  go  far  toward  meeting  the  data  requirements  of  many 
research  activities.  Nearly  one-fourth  of  the  43  research  requirement  statements  are 
quite  well  satisfied  by  the  tentative  "system",  and  another  fourth  would  have  at  least 
50%  of  their  requirements  satisfied.  Thus,  the  tentative  "system,  "  with  primary 
consideration  given  to  operational  requirements,  could  provide  significant  amounts  of 
required  data  to  about  one-half  of  the  43  research  activities.  The  research  AMOs  for 
which  the  600  n.  mi  DO  and  100  to  150  n.  mi  CNA  spacing  of  the  tentative  "system"  is 
satisfactory  are  listed  as  "met"  in  Table  4-11.  Also  shown  in  this  table  are:  (a)  the 
geographical  area  from  which  the  AMO  requires  data,  (b)  the  number  of  total  require¬ 
ments  for  each  individual  AMO  for  observations  at  sites  in  the  DO  and  CNA  "system" 
networks,  (c)  the  number  of  "system"  parameters  that  are  met,  (d)  the  number  of 
required  "grey  area"  and  "considered  beyond  the  5-yr  buoy  SOA"  parameters,  and, 
finally,  (e)  remarks  pertaining  to  some  detail  of  the  requirements  that  probably  would 
not  be  met  or  that  needed  clarification.  The  ten  AMOs  listed  in  Table  4-11  (AMOs  31 
to  37  were  collapsed  by  ESSA  into  one  requirement  statement)  represent  a  significant 
number  of  total  requirements  for  217  DO  and  359  CNA  observation  sites.  As  previously, 
these  total  requirements  are  the  sum  of  the  requirements  for  observations  at  sites  for 
each  AMO  with  no  elimination  due  to  redundancy  of  observation  sites  among  the  ten 
AMOs.  Thus,  they  represent  ten  separate  buoy  systems,  each  solely  for  the  support 
of  a  particular  AMO.  Also  listed  in  the  table  are  the  numbers  of  "system"  parameters 
that  are  required  by  these  ten  AMOs  and  that  are  met  by  the  tentative  "system.  " 

Given,  too,  are  the  numbers  of  "grey  area"  parameters  and  those  "considered  beyond 
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i  TABLE  4-11 

/  REQUIREMENTS  OF  RESEARCH  AMOa  MET  BY 
j  TENTATIVE  '’SYSTEM"  NETWORK  SPACING 


Total  • 

"System" 

r.tev 

Beyond  — 

- — . -  • 

Agency 

AMO  * 

.  ^ 

1 

ares 

5-yr  SO  A 

Remarks 

Sot 

parameter 

parameter 

DO 

CNA 

Met 

met 

t\S. 

Armv 

r, 

CNA  DO  Nr 
Hawaii 

1 

23 

9 

0 

0 

0 

5  min  synch,  of  obser¬ 
vation  not  met.  Require¬ 
ment  for  Great  takes 
not  met 

ncF- 

Mi.iml 

9A 

CM.  SA  -  NA 

20  T5  to  20"N 

27 

4 

8 

0 

1 

2 

Requirement  for  200-kt 
wind  speed  questionable 

ncK- 

Beaufort 

io 

Cont.  shelf 

Maine  to  Texas 

0 

42 

9 

0 

1 

1 

BCF- 

W'jodfl 

Hole 

is 

N.E.  Cont.  aheif 

0 

9 

H 

0 

1 

• 

•  2 

I 

ESS  A 

31-3? 

DO  -*  CNA 

we 

Remark* 

4 

0 

1 

0 

Time  samp,  of  6  min 
"ot  met.  A  few  at  a 
time  for  30  days 

usn- 

Mar. 

En*. 

I.. lb 

T9 

EC  •  Ca.lbt>c*r, 

0 

6 

0 

3 

1 

’ 

30  mm  freq.  of  observa¬ 
tion  for  water  tempera¬ 
ture  not  met 

US  s  - 

NS  R  - 
DC 

Hi 

GB.  EC.  NA 

NPE  *  NPW 

90 

2 

0 

1 

30  min  cforatfon  of 
observation  and  4  hr 
freq.  of  observation  in 

DO  not  met 

ONR- 

Scrlpp* 

H4 

WC.  GA.  NPE 
♦  NPW 

103 

17 

0 

& 

10 

4 

Continuoua  duration  of 
observation  for  some 
parameters  and  1  hr  freq. 
of  observation  not  met 

us.v- 

NAVA1R 

SY8COM 

H9A 

CNA.  NA 

NPE  *  NPW 

| 

12 

0 

2 

0 

30  sec  t  synch,  of 
observation  and  require¬ 
ment  for  Antarctic  not 
met.  Curr  mt  accuracy 
may  be  too  stringent 

USN- 

Nl'EL 

■ 

WC 

1 

0 

1 

0 

Z  sampling  Intensity  would 
be  met  by  "system  ’  If 
site  la  In  water  300  to 

400  m  deco 

.  _  , 

_ _ 

Totals 

ESI 
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mm 

in 

20 

10 

•Common  use  of  a  "system  *  netvor*  site  by  mo^e  than  one  set  ;AMO>  of  data  requirements  has  not  been  considered  In 
those  columns. 
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the  5-yr  buoy  SOA"  that  would  not  be  met,  followed  by  remarks  about  certain  char¬ 
acteristics  of  "system"  parameters,  most  of  which  would  not  be  met.  For  most 
AMOs,  however,  there  are  only  minor  entires  In  these  last  few  columns.  Only  AMO 


84  has  many  parameters  that  would  not  be  met  and,  even  in  this  case,  more  than  half 
of  the  required  parameters  would  be  met  (17  out  of  31). .  There  may  be  other  ways  cf 
satisfying  some  A  those  research  parameters  Lot  met  by  the  tentative  "system";  this 
will  require  special  consideration  when  the  relative  worth  of  the  various  parameters 
to  the  researcher  has  been  estimated  by  the  user. 

The  requirements  of  the  ten  research  AMOs  that  are  met  by  the  tentative 

"system"  network  spacing  can  be  applied  to  the  thirteen  MDZs;  the  distribution  of  the 

requirements  at  "system"  observation  sites  in  the  MDZs  have  been  analyzed,  as  was 

done  with  the  refined  national  operational  requirements.  The  results  of  the  analysis  are 

presented  in  Table  4-12.  The  total  individual  AMO  requirements  for  observation  sites 

<217  DO  and  359  CNA),  equal  in  number  to  the  total  number  at  the  bottom  of  Table  4-11 

for  the  DO  and  CNA  regions,  are  listed  by  MDZs  in  the  first  column  after  the  MDZ 
•  y 

initials.  The  manner  in  which  these  total  requirements  are  distributed  at  "system" 

observation  sites  with  1,  2,  3,  or  4  requirements  per  site  is  presented  in  the  next  four 
columns.  The  total  number  of  "system"  observation  sites  (buoys),  with  all  redundant 
sites  eliminated,  required  to  meet  the  total  LO  and  CNA  requirements  of  the  ten  AMOs 
are  listed  in  the  final  columns.  Thus,  only  119  DO  "system"  observation  sites  are 
required  for  meeting  the  217  total  DO  refined  research  requirements  of  the  ten  AMOs, 
and  249  CNA  "system1!  observation, sites Jwill  satisfy  the  359  total  CNA  research  re- 
quirements.  Thus,  a  significant  number  of  the  DO  "system"  network  buoys  (119  out  of 
the  total  261)  and  the  CNA  "system"  network  buoys  v249  out  of  279)  are  required  by 
and  can  support  quite  well  the  refined  data  requirements  of  the  ten  research  AMOs 
listed  in  Table  4-11,  while  at  the  same  time  serving  the  operational  data  needs  dis¬ 
cussed  previously. 

4. 3. 1. 2. 2  Research  Requirements  Partially  Met  by  "System"  Network  Spacing 

In  addition  to  the  ten  research  AMOs,  listed  in  Table  4-1,  having  requirements 
"met"  by  the  "system",  there  are  twelve  additional  research  AMOs  that  would  be 
partially  satisfied  by  the  sensing  capabilities  of  the  tentatively  proposed  “system.” 
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Certain  of  the  refined  data  requirements  for  these  12  AMOs  are  listed  in  Table  4-13. 

It  is  apparent  that  the  DO  and  CNA  "system”  buoy  networks  would  at  least  be  contri¬ 
butory.  This  table  is  similar  to  Table  4-11.  After  the  same  identification  columns 
for  the  agency  name,  AMO  number,  and  geographical  area  of  data  interest,  the  next 
three  columns  are  different  from  the  corresponding  two  in  Table  4-11  which  are  titled 
"total  requirements  for  observation  sites"  (in  DO  and  CNA).  Because  not  all  required 
observation  sites  are  "system"  network  sites,  as  they  were  in  the  previous  section, 
the  first  two  of  these  three  columns  in  Table  4-13  indicate  the  numbers  of  "system" 
observation  sites  that  could  support  these  requirements  out  of  the  total  numbers  of 
observation  sites  required.  For  example,  in  the  data  requirements  of  AMO  8,  out  of 
the  total  of  four  required  observations  at  sites  in  the  DO,  there  is  only  one  DO 
"system"  network  site  that  could  be  of  support;  in  the  CNA,  out  of  the  required  ninety 
observation  sites  there  are  fifty-four  of  the  tentatively  proposed  "system"  network 
sites  that  would  serve.  In  the  last  of  these  three  columns  are  listed  the  numbers  and 
locations  of  required  observation  sites  that  are  outside  of  the  DO  and  CNA  regions  and, 
therefore,  could  not  be  served  by  the  initial  "system.  "  The  first  two  of  these  three 
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TAbLl  1-13 
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columns  delineate  the  extent  to  which  the  tentatively  proposed  "system”  could  be  of 
support  to  these  twelve  AMO 3.  The  remainder  of  Tablo  4-33  is  identical  to  Table 
4-11.  The  totals  at  the  bottom  of  Table  4-13  indicate  that,  without  consideration  of 
redundancy  among  these  twelve  AMOs  at  common  observation  sites,  there  are  495 
out  of  the  1962  total  AMO  research  requirements  for  DO  observation  sites  that  could 
be  satisfied  by  "system"  network  sites.  Similarly,  for  the  CNA  region,  there  are 
410  "system"  network  sites  that  could  serve  the  523  total  AMO  requirements.  Thus, 
thj  refined  research  requirements  for  these  AMOs  are  better  served  in  the  CNA 
(  80% ).  than  in  the  DO  (  35% )  but,  even  so,  the  requirements  of  more  than  half  of  the 
listed  AMOs  with  observation  sites  in  the  DO  and/or  CNA  are  more  than  fifty  per  cent 
satisfied  by  the  "system"  network  sites.  In  addition  to  the  "system"  network  spacings  . 

.  being  appropriate,  the  entires  for  the  individual  AMOs  and  the  totals  in  the  last  four 
columns  before  "remarks"  indicate  that  considerably  more  requirements  for  "system" 
parameters  would  be  met  than  the  combination  of  all  other  requirements  for  param¬ 
eters  that  are  not  met.  In  fact,  in  the  summation  of  individual  AMO  parameter  re¬ 
quirements  at  the  bottom  of  the  table,  117  "system"  parameter  requirements  would 
.  be  met;  requirements  for  two  "system"  parameters,  thirty  "grey  area"  parameters, 
and  fifteen  ' 'beyond  the  5-yr  buoy  SOA"  parameters  (total  47)  would  not  be  met  by  the 
tentatively  proposed  "system.  "  Thus,  over  70%  of  the  parameters  requested  by  these 
research  AMOs  would  be  met.  This  analysis  has  been  made  without  benefit  of  guidance 
concerning  the  relative  importance  to  the  users  of  these  various  parameters.  The 
intent  has  been  to  show  the  degree  of  "system"  applicability  to  the  research  data  re¬ 
quirements  as  they  are  understood  at  this  time. 

The  requirements  for  "system"  network  and  total  observational  sites  of  these 
twelve  AMOs  (listed  in  Table  4-13)  can  also  be  assigned  to  the  thirteen  MDZs  and  the 
distribution  of  the  total  requirements  at  "system"  network  sites  can  be  analyzed  as 
was  done  previously  for  all  refined  operational  and  ten  other  research  AMO  require¬ 
ments.  The  results  of  this  analysis,  with  all  redundancy  of  common  observation  sites 
among  these  twelve  AMOs  removed,  are  presented  in  Table  4-14.  The  total  individual 
AMO  requirements  for  "system  observation  sites  (495  DO  and  410  CNA)  are  the  same 
as  the  totals  for  "system"  sites  in  Table  4-13,  but  are  listed  in  Table  4-14  by  MDZs, 
as  was  done  in  Table  4-12  for  the  ten  research  AMOs  met  by  the  "system"  network 
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•Common  use  of  a  "system"  network  site  by  more  than  one  set  (AMO)  of  data  requirements  has  not 
been  considered  in  this  column. 
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spacing.  The  manner  of  presenting  the  total 


the  distribution  of  requirements  at  observation  sites,  and  the  resulting  reduced  number 


of  required  sites  (buoys)  is  similar  to  that  of 


requirements  for  observations  at  sites. 


Table  4-12.  Thus,  only  261  DO  "system” 


observation  sites  are  required  for  the  495  DO  requirements  in  these  twelve  AMOs,  and 
224  CNA  "system"  sites  are  required  for  the|410  CNA  requirements.  Thus,  all  of  the 
DO  "system"  network  buoys  (261  out  of  261)  apd,  again,  a  significant  number  of  the 
CNA  "system"  network  sites  (224  out  of  the  total  279)  would  provide  at  least  partial 
support  to  the  refined  data  requirements  of  the  twelve  research  AMOs  listed  In 
Table  4-13,  while  at  the  same  time  serving  the  data  needs  of  the  ten  research  AMOs 


L. 


and  the  operational  activities  discussed  earlie: 

('ll1  •  ■ 

4. 3. 1. 2. 3  "System"  Support  for  the  Combined  Research  Requirements 

As  discussed  in  the  previous  two  sectionls,  the  interpretation  of  support  by  the 
"system"  for  each  of  the  two  groups  of  research  data  requirements  was  considered 
separately  as  though  each  had  its  own  exclusive  data  buoy  system.  Although  such  con¬ 
siderations  are  important  to  the  analysis,  from  the  viewpoint  of  the  NUBS  development 
the  combined  (or  national)  observation  site  requirements  are  of  the  greatest  import¬ 


ance.  Analysis  of  the  combined  research  requirements  for  "system"  observation 
sites  by  MDZs* provides  the  results  shown  in  Table  4-15  (in  a  form  Identical  to  that  of 
Table  4-14)  The  total  Individual  AMO  requirements  for  observations  av  'dtes, 
summed  at  the  bottom  of  the  first  columns  with  numbers  under  both  DO  (712)  and  CNA 
(769),  are  thej  same  as  the  sum  of  the  corresponding  totals  (217  +  495  DO  and  359  + 
410  CNA)  from  Table  4-12  for  ten  research  AMOs  and  from  Table  4-14  for  the  other 
twelve  research  AMOs  respectively,  all  twenty -two  of  which  are  combined  in  this 
Table  4-15.  The  distribution  of  these  requiremjents  at  "system"  observation  sites  is 
shown  in  the  next  columns  for  DO  and  CNA  and,  finally,  the  reduced  number  of  re¬ 
quired  “system”  observation  sites  to  meet  the  total  requirements  for  observa¬ 
tions  at  sites  is  listed  w1*h  all  redundance  for  common  use  of  sites  removed. 
This  final  colrmn  shows  that  261  DO  “system]’  sites  (buoys)  and  270  CNA 
“system"  sites  (buoys)  are  required  to  meet  the  712  DO  and  769  CNA  total 

research  requirements  for  observations  at  “system"  locations.  Thus,  all  but  nine 

i 

CNA  of  the  total  “system”  network  sites  (261  DO  and  270  CNA)  would  provide 
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•  '  TABLE  4-15 

NUMBER  OF  OBSERVATION  SITES  (BUOYS)  REQUIRED  FOR  COMBINED  REFINED  RESEARCH 
.DATA  REQUIREMENTS  SUPPORTED  BY  "SYSTEM"  NETWORK  SPACING 

A.  Deep  Ocean  _ _  _ _ _  _ _ _  .  .  '  __ 
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♦Common  use  of  a  "system"  network  site  by  more  i  one  set  (AMO)  of  data  requirements 
has  not  been  considered  in  this  column. 
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support  to  the  refined  research  data  requirements,  as  understood  at  this  time.  In 
addition,  the  same  "system"  network  buoys  would  support  ihe  marine  data  requirements 
of  the  nation’s  pertinent  operational  activities. 


In  demonstrating  the  general  applicability  of  the  tentatively  proposed  "system" 
network  of  huoy^.-  the  support  to  nearly  half  of  the  refined  research  AMO  data  require¬ 
ments  has  been  indicated  above.  While  the  proposed  "system  is  primarily  for  the 
support  of  refined  operational  needs,  the  importance  of  this  additional  support  provided 
by  the  "system"  for  research  requirements  must  not  be  overlooked.  Of  course,  it  is 
dependent  upon  the  required  length  of  the  necessary  observational  programs.  There  Is 
the  question,  "Will  the  data  requirements  be  satisfied  in  a  few  days  or  weeks  of  data 
collection  or,  are  these  ongoing  requirements  that  will  continue  for  years  like  the 
operational  requirements?"  The  answers  for  the  twenty-two  referenced  research 
AMOs  are  listed  in  Table  4-16  and  show  that,  with  minor  exceptions,  the  data  require¬ 
ments  are  for  continuing  data  collection,  similar  to  requirements  for  operational  data. 
Such  long-term  research  data-collection  programs,  in  addition  to  the  operational 
programs,  lend  added  importance  to  the  development  planning  of  a  multiple  use  national 
"system"  network  of  data  buoys. 

This  completes  the  discussion  of  the  analysis  of  refined  national  requirements 
for  marine  meteorological  and  oceanographic  data  for  both  operational  and  research 
users.  Some  of  the  results  presented  in  this  section  will  be  discussed  further  under  i 
"Conclusions,  ”  following  a  presentation  in  the  next  section  of  the  status  of  the  effort  ' 
to  obtain  from  the  users  estimates  of  the  relative  values  of  the  various  required 
parameters. 
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TABLE  4-16 

PERIOD  OF  OBSERVATIONAL  PROGRAMS  TO  SUPPORT  REFINED  RESEARCH  AMO 

DATA  REQUIREMENTS 


Agency 

AMO 

No. 

Geographic  Area 

' 
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of 
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TABLE  4-16 

PERIOD  OF  OBSERVATIONAL  PROGRAMS  TO  SUPPORT  REFINED  RESEARCH  AMO 

DATA  REQUIREMEITTS  (Continued) 


Agency 

AMO 

No. 

Geographic  Area 

Applicability 
of  "System" 
Network  Spacing 

Required  Period 
of 

Observational  Program 

ONR-Scripps 

84 
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96 
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GA,  NPE  +  NPW 


Partially  Met 
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Si-2 — THE  relative  importance  OF  REQUIRED  PARAMETERS  and 
OBSERVING  LAYERS  - - - 

Under  contract  to  the  USCG,  TRC  collected  In  1967  and  refined  in  1968  the  data 
requirements  for  oceanographic  and  marine  meteorological  parameters  for  99  agency 
mission  operations.  During  the  course  of  the  1968  effort,  it  was  recognized  that 
some  of  the  parameters  were  apparently  more  important  than  others  and  that  these 
parameters  would  vary  In  importance  within  each  of  several  observing  layers.  There 
fore,  the  NDBS  DPO  assisted  by  TRC,  solicited  the  relative  importance  of  stated 
requirements  for  parameters  and  observing  levels  from  four  primary  agencies  with 
operational  missions:  BCF,  ESSA,  USCG,  and  USN.  This  effort  was  initiated  in 
mid-1968  when  the  preliminary  results  of  the  data  requirements  refinement  effort 
were  made  available  to  the  NDBS  DPO.  Each  of  the  four  agencies  was  requested  to 
rate  in  relation  to  the  performance  of  its  operational  missions  50  required  parameters 
distributed  throughout  seven  layers  in  the  vertical  (some  parameters  appeared  in 
more  than  one  layer).  The  50  operational  parameters  selected  for  this  purpose  were 
required  by  at  least  one  of  the  four  primary  agencies  and  were  judged  to  have  the 
potential  of  general  applicability  for  agency  operational  missions.  The  seven  layers 
chosen  divide  the  vertical  extent  of  the  data  requirements  (100, 000  ft  in  the  atmos¬ 
phere  down  to  the  ocean  bottom)  into  horizontal  layers  that  relate  to  physical  aspects 
of  the  environment,  the  observing  platform,  or  observing  technology.  These  seven 
layers  are  defined  in  Table  5-1. 

TABLE  5-1  '  '  i 

-  --- — .1  .DIVISION  OF  VERTICAL  EXTENT  OF  DATA  REQUIREMENTS  -- . - .  - 

_  INTO  OBSERVING  LAYERS 

Layer  1  -  From  100,000  feet  down  to  >  30,  000  feet 

Layer  2  -  From  30, 000  feet  down  to  >  45  feet 
Layer  3  -  From  45  feet  down  to  ocean  surface 
Layer  4  -  From  ocean  surface  down  through  10  meters 
Layer  5  -  From  >10  meters  down  through  500  meters 
Layer  6  -  From  >  500  meters  down  through  5000  meters 
Layer  7  -  At  or  near  the  bottom,  regardless  of  depth 


The  rating  sheet  and  the  instructions  for  the  estimation  of  the  relative  impor¬ 
tance  of  operational  parameters  and  observing  layers  are  included  as  Appendix  V. 
The  rating  criteria  for  estimating  relative  importance  are  presented  in  Table  5-2. 


TABLE  5-2 

CRITERIA  FOR  ESTIMATING  RELATIVE  VALUES 
OF  PARAMETERS  AND  LAYERS 


Criteria 

Value 

Must  have  to  satisfy  missions 

5,4* 

Important  to  satisfy  missions 

3,2* 

Useful  to  satisfy  missions 

1 

Of  no  value  to  satisfy  missions 

0 

Although  two  ratings  were  requested,  one  for  those  missions  principally  oriented 
toward  atmospheric  parameters  and  the  other  for  those  missions  oriented  toward 
oceanic  parameters,  the  responding  agencies  preferred  to  make  only  one  combined 
rating  for  all  missions.  Furthermore,  each  agency  stated  that  the  ratings  were  tenta¬ 
tive  and  subject  to  clange 

Table  5-3  contains  tabulations  of  the  four  agencies’  estimates  of  relative  values 
of  parameters  and  layers.  The  table  shows  the  sum  of  all  parameter  relative  values 
(maximum  possible  score  of  20)  and  also  the  products  of  parameter  and  layer  relative 
values  for  each  agency  and  the  sum  of  products  for  all  four  agencies  (possible  maxi¬ 
mum  score  of  100).  In  addition,  Table  5-3  shows  by  agencies  which  parameters  were 
estimated  as  ’’must  have  to  satisfy  missions"  in  each  layer.  Clearly,  certain  param¬ 
eters  and  certain  layers  have  been  judged  more  important  by  the  agencies.  The  dis¬ 
tribution  of  agency  "musts"  is  illustrated  by  Table  5-4  which  shows  for  each  layer 
the  total  number  of  parameters  that  are  a  "must"  for  at  least  one,  two,  three,  and 
four  agencies.  There  is  little  question  that  the  four  agencies  consider  Layers  3,  4, 


♦The  two  numbers  allow  for  the  indication  of  a  minor  gradation  of  value. 
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TABLE  5-4 

DISTRIBUTION  OF  "MUST  HAVE"  PARAMETERS 


Layer 

Total  No.  of 
Parameters 
in  Layer 

Total  No.  of 

Parameters  that  are 
a  "Must"  for  at  least 

1 

Agency 

2 

Agencies 

3 

Agencies 

4 

Agencies 

..  l 

11 

10 

—  . 

2 

12 

9 

4 

3 

14 

13 

8 

6 

5 

’  '  •  * 

26 

16 

10 

8 

5 

5 

23 

11 

6 

5 

3 

6 

18 

7 

■ 

7 

23 

11 

5 

and  5  to  be  the  ones  most  important  for  the  collection  of  marine  data.  Layers  2  and 
7  are  next  in  line,  with  Layers  1  and  6  last  in  this  crude  ranking.  * 

The  parameters  rated  "must"  by  three  or  more  agencies  are  listed  in  Table 
5-5.  Only  Layers  3,  4,  and  5  are  involved  here.  There  are  13  parameters  included 
in  Table  5-5  (atmospheric  pressure  and  height  have  been  counted  as  one  parameter). 
All  13  of  these  parameters  were  among  the  20  tentatively  proposed  for  the  hypothetical 
data  buoy  "system". 

Parameters  that  were  rated  "must"  by  exactly  two  agencies  are  shown  in 
Table  5-6  (this  excludes  the  parameters  in  layers  shown  in  Table  5-5).  Five 


♦Using  Table  5-4  as  evidence  of  the  ’’popularity"  of  layers  could  lead  to  unfor¬ 
tunate  consequences.  For  example,  certain  data  products  prepared  by  ESSA  are 
based  on  upper  air  measurements  to  at  least  100,  000  feet,  and  ESSA  has  indicated 
that  upper  air  measurements  are  a  "must"  in  Layer  1.  Thus,  to  provide  data  for 
important  ESSA  data  products,  data  collection  from  Layer  1  would  be  required,  even 
though  Table  5-4  might  be  construed  to  suggest  that  the  relative  importance  of  Layer 
1  is  small. 
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TABLE  5-5 

PARAMETERS  RATED  "MUST"  BY  THREE  OR  MORE  AGENCIES 


Layer  3 

Layer  4 

Layer  5 

Wind  Speed 

Wave  Period 

Current  Direction 

Wind  Direction 

Wave  Direction 

Current  Speed 

Air  Temperature 

Wave  Height 

Salinity  . . . 

Height 

Current  Direction 

Water  Temperature 

Atmos.  Pressure 

Current  Speed 

Depth 

Dew  Point/Humidity 

• 

Salinity 

Water  Temperature 

Depth 

TABLE  5-6 

PARAMETERS  RATED  "MUST"  BY  EXACTLY  TWO  AGENCIES 


•  Layer  2 

Layer  3 

Layer  4 

Layer  5 

Layer  7 

Height 

Precipitation 

Sound  Speed 

Water  Pressure 

Curr.  Direction 

Atmos.  Pressure 

Cloud  Bases 

Cloud  Amount 

Insolation 

Water  Pressure 

Curr.  Speed 

Salinity 

Water  Temper¬ 
ature 

Depth 

additional  individual  parameters  have  been  added  to  the  previous  thirteen  parameters 
of  Table  5-5  (water  pressure  is  considered  to  be  the  same  as  depth).  Of  these  five, 

—  three  (precipitation,  insolation,  and  sound  speed)  are  also  among  the  70  parameters 
in  the  tentatively  proposed  "system"  characteristics. 

Table  5-7  lists  the  parameters  in  layers  rated  a  "must"  by  exactly  one  agency 
(parameters  in  layers  in  Tables  5-5  and  5-6  excluded).  Fifteen  additional 
parameters  have  been  added  to  the  previous  total  of  18.  Thus,  of  the  original 
50  parameters  considered,*  a  total  of  35  parameters  is  rated  as  "must  have  to 

♦Count  water  pressure  and  height  separately  from  depth  and  atmospheric  pres¬ 
sure,  respectively. 


TABLE  5-7 

PARAMETERS  RATED  "MUST"  BY  EXACTLY  ONE  AGENCY 


Layer  1 

Layer  2 

Layer  3 

Ozone  Content 

Cloud  Tops 

Cloud  Bases 

Cloud  Amount 

Wind  Speed 

Wind  Direction 

Air  Temperature 

Height 

Atmos.  Fressure 

Dew  Point/Humidity 

Cloud  Tops 

Wind  Speed 

Wind  Direction 

Air  Temperature 

Dew  Point/Humidity 

Visibility 

Mag.  Field  Declin. 
Mag.  Field  Inclin. 

Mag.  Field  Intensity 
Gravity 

Layer  4 

Layer  5 

Layer  6 

Tidal  Fluctuation 
Transparency 

Propagation  Loss 

Oxygen 

Plankton 

Active  Sonar 

Sound  Speed 

Transparency 

Oxygen 

Plankton 

Active  Sonar 

Current  Direction 
Current  Speed 

Salinity 

Sound  Speed 

Water  Temperature 
Water  Pressure 

Depth 

Layer  7 

V.  .  .  - . 

Tidal  Fluctuation 

Sound  Speed 

Water  Pressure 

Bottom  Composition 
Bathymetry 

Active  Sonar 

satisfy  mission"  by  at  least  one  agency  in  at  least  one  layer.  The  distribution  by 
layer  of  "must"  ratings  for  these  35  parameters  is  shown  in  Table  5-8.  This  table 
also  indicates  that  19  (or  17,  eliminating  redundancy)  of  these  35  parameters  are 
included  in  the  tentatively  proposed  sensing  capabilities  of  the  hypothetical  data  buoy 
"system."  Of  the  20  "system"  parameters,  the  three  not  shown  in  Table  5-8  are 
atmospheric  electricity,  ambient  light,  and  ambient  noise.  Atmospheric  electricity 
is  required  in  Layer  2  only  by  ESSA  and  in  Layer  3  by  ESSA  and  U.  S.  Navy.  It  was 
rated  "useful  to  satisfy  missions"  in  all  entries.  Ambient  light  was  required  in  both 
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TABLE  5-8 

PARAMETERS  RATED  "MUST”  BY  FOUR  AGENCIES 


No.  of  Agencies  for  which 
the  Parameter  is  a  "Must” 

Included  in 
Hypothetical 
Data  Buoy  "System1 

parameters 

Layer 

n 

2i 

_5I 

6I 

n 

Meteorological 

1.  Air  Temperature 

i 

i 

4 

X 

2.  Atmos.  Pressure 

i 

2 

i. 

X 

3.  Cloud  Amount 

i 

2 

4.  Cloud  Bases 

i 

2 

5.  Cloud  Tops 

i 

1 

6.  Dew  Point/Humidity 

i 

1 

4 

X 

7.  Gravity 

1 

8.  Height 

i 

2 

3 

X* 

9.  Insolation 

2 

10.  Mag.  Field  Declin. 

1 

11.  Mag.  Field  Inclin. 

1 

12.  Mag.  Field  Intensity 

1 

13.  Ozone  Content 

i 

14.  Precipitation 

2 

X 

15.  Visibility 

1 

16.  Wind  Direction 

i 

1  1 

4 

X 

17.  Wind  Speed 

i 

1 

4 

X 

Oceanographic 

18.  Active  Sonar 

.  i 

1 

1 

i 

19.  Bathymetry 

i 

20.  Bottom  Composition 

i 

21.  Current  Direction 

4 

3 

1 

2 

X 

22.  Current  Speed 

4 

3 

1 

2 

X 

23.  Depth 

4 

4 

1 

2 

X** 

24.  Oxygen 

1 

1 

25.  Plankton 

1 

1 

26.  Propagation  Loss 

1 

27.  Salinity 

'  4 

4 

1 

2 

X 

28.  Sound  Speed 

2 

1 

1 

1 

X 

29.  Tidal  Fluctuation 

1 

1 

30.  Transparency 

1 

1 

X 

31.  Water  Pressure 

2 

2 

1 

1 

X 

32.  Water  Temperature 

4 

4 

1 

2 

X 

33.  Wave  Direction 

3 

X 

34.  Wave  Height 

3 

X 

35.  Wave  Period 

3 

X 

♦Obtained  fron  atmospheric  pressure  measurement 
♦♦Obtained  from  water  pressure  measurement 
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Layers  4  and  5  by  BCF,  U.  S.  Navy,  and  U.  S.  Coast  Guard;  BCF  and  U.  S.  Navy 
indicated  that  it  was  "important  to  satisfy  missions"  in  both  layers.  Ambient  noise 
was  also  required  in  Layers  4  and  5  by  BCF,  U.S.  Navy,  and  U.S.  Coast  Guard. 
Again,  BCF  and  U.  S.  Navy  considered  ambient  noise  "important  to  satisfy  missions. " 
Ambient  noise  was  also  required  in  Layer  6  for  BCF  and  U.S.  Navy,  but  only  as 
"useful  to  satisfy  missions."  In  Layer  7,  ambient  noise  was  required  by  BCF,  U. S. 
Navy,  and  U.S.  Coast  Guard,  BCF  rated  it  as  "important"  while  U.S.  Navy  and 
U.  S.  Coast  Guard  considered  it  only  to  be  "useful. " 

It  is  recognized  that  soliciting  relative  importance  of  parameters  and  layers 
from  four  agencies  with  operational  data  requirements  is  only  a  first  step  in  the  effort 
to  quantify  data  requirements  for  use  as  a  guide  in  system  development  planning. 

Some  of  the  other  important  weighting  factors  are  relative  worth  to  the  nation  of 
agency  missions,  and/or  (potential)  benefits  derived  from  the  use  of  data  products 
prepared  by  the  agencies  from  the  data  to  be  collected.  For  example,  if  only  one 
agency  needs  a  certain  parameter  in  a  layer,  but  there  is  high  utility  of  an  ultimate 
data  product  based  on  the  parameter  in  that  layer,  then  the  quantifying  scheme  should  . 
reflect  these  additional  factors.  Obviously,  this  Initial  effort  to  quantify  requirements 
has  not  yet  included  all  these  relevant  factors,  nor  is  it  suggested  that  the  additional 
information  would  be  easy  to  obtain.  Of  course,  difficulty  in  obtaining  further  quanti¬ 
fication  of  requirements  information  does  not  lessen  its  value  for  system  development 
planning.  Ultimately,  it  would  appear  desirable  to  evaluate  the  sensing  characteris¬ 
tics  of  all  complementary  and  competing  data  platforms  that  may  comprise  the  total 
national  marine  meteorological  and  oceanographic  data  collection  system.  * 

Some  of  the  50  parameters  considered  in  this  relative  value  investigation  could 
be  measured  by  the  buoy  tender  when  it  services  or  overhauls  the  buoy.  Among 
others,  these  might  include  bathymetry,  bottom  composition,  gravity,  plankton,  and 
magnetic  field  declination,  inclination,  and  intensity. 


*An  effort  such  as  that  suggested  would  lay  the  foundation  for  a  cost-effectiveness 
analysis  for  the  total  data  collection  system,  thus  possibly  leading  to  a  better  under¬ 
standing  of  worth  to  the  nation  of  agency  missions. 


In  summary,  this  Initial  effort  to  determine  the  relative  importance  of  re¬ 
quired  parameters  and  observing  layers  has  produced  results  that  may  be  helpful  in 
selecting  from  the  refined  stated  national  data  requirements  those  sensing  characteris¬ 
tics  most  relevant  for  an  initial  NDBS.  For  data  buoy  platforms,  the  addition  of 
other  sensors,  as  need  and  sensor  technology  warrants  it,  would  likely  be  a  rela¬ 
tively  easy  task  as  long  as  provision  is  .made  for  on-going  senior  development  in  the 


evolutionary  growth  plan  of  the  NDBS.  It  is  concluded  that  additional  effort  in  the 
area  of  relative  values  is  warranted. 


127 


6.0  CONCLUSIONS 


The  conclusions  discussed  below  are  based  on  the  results  of  analyses  of  U.  S. 
Government  Agency  statements  of  data  requirements  as  best  understood  today.  This 
fact  is  stressed  because  the  information  on  national  marine  meteorological  and  ocean¬ 
ographic  data  requirements  that  has  been  collected,  compiled,  and  analyzed  in  1968 
are  not  exactly  the  same  data  requirements  these  agencies  stated  in  1967,  or  will 
probably  state  in  the  future.  Thus,  the  conclusions  given  here  are  neither  final  nor 
unchanging.  They  are,  however,  the  results  of  a  seriously  undertaken  endeavor  to 
provide  comprehensive  information  at  this  time  on  the  subject  of  national  requirements 
for  marine  environmental  data.  As  such,  the  conclusions  presented  in  the  following 
sections  can  be  considered  a  reasonable  basis  for  extracting  guidance  for  marine  data 
collection  system  development  planning.  It  must  be  recognized,  however,  that  future 
modifications  in  the  statements  of  data  requirements  will  doubtless  occur,  and 
evolutionary  development  planning,  anticipating  future  changes,  will  be  needed. 

The  conclusions  from  the  results  of  the  analysis  of  refined  national  data  require¬ 
ments  for  operations l  and  research  activities  are  listed  and  discussed  below.  There 
is  no  priority  to  the  order  in  which  these  conclusions  are  listed.  Further  studies  of 
cost-effectiveness  and  relative  worth  to  the  nation  may  modify  some  of  these  interim 
conclusions. 

6. 1  Evolutionary  Nature  of  Data  Requirements 

•  The  continuing  evolutionary  nature  of  requirements  for  marine 
environmental  data  must  be  recognized.  It  is  the  result  of  numerous 
factors.  Annual  review  and  refinement  of  data  requirements  will 
probably  be  necessary  throughout  the  foreseeable  future. 

_ _ Even  in  1967,  when  the  initial  statements  of  data  requirements  were  collected  . 

and  compiled,  it  was  understood  that  data  requirements  would  continually  evolve.  For 
operational  activities,  change  in  data  requirements  would  typically  result  from  the 
implementation  of  new  procedures  (e.  g.  ,  environmental  prediction  models).  For 
research  activities,  change  might  stem  from  completion  of  an  experiment  or  study  and 
the  beginning  of  a  new  study  having  different  goals.  These  and  other  progressive  steps 
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are  most  likely  to  provide  the  basis  for  new  data  requirements  as  the  new  data  uses 
come  into  being. 

In  this  study  it  was  found  that  modifications  in  the  initial  1967  statements  of  data 
requirements  have  already  occurred.  Changes  during  the  1968  data  requirements 
refinement  effort  are  indicated  in  Section  4. 0.  Appendix  II  contains  a  number  of 
evolutionary  changes,  not  the  least  of  which  was  the  product  of  better  understanding  of 

the  data  needs  and  equipment  capabilities  (buoy  SOA).  Most  recently,  changes  were  . 

noted  between  the  statements  of  refined  operational  data  requirements  and  compilation 
of  the  relative  importance  of  parameters  and  observing  layers  discussed  in  Section 
5. 0.  As  a  case  in  point,  one  agency  recently  rated  a  parameter  as  a  "must  have"  (a 
score  of  5)  while  it  was  not  even  mentioned  in  that  agency’s  earlier  1968  statement  of 
refined  data  requirements.  One  can  conclude  that  an  educational  process  is  under 
way,  as  originators  of  requirements  give  further  and  more  penetrating  consideration 
to  their  data  requirements.  Hopefully,  the  larger  deficiencies  in  these  statements 
have  already  been  overcome. 

Ignoring  for  the  moment  the  impact  of  future  uses  of  data,  today's  statements  of 
data  requirements  appear  to  be  approaching  asymptotically,  through  a  refinement 
process,  the  "real"  requirements  as  they  exist  today.  The  success  of  this  process 
will  be  much  enhanced  when  adequate  capability  to  collect  data  from  the  marine  en¬ 
vironment  becomes  available  for  use.  Only  then  will  it  be  possible  for  the  agencies 
to  validate  or  recommend  changes  in  data  requirements  for  particular  data  uses.  In 
addition,  as  more  information  is  obtained  in  the  course  of  planned  natural  variability 
experiments  in  the  marine  environment,  more  scientific  knowledge  can  be  applied  to 
give  even  greater  realism  to  the  statements  of  data  requirements.  For  system  develop 
ment  planning,  the  evolving  nature  of  data  requirements  dictates  that  adequate  flex¬ 
ibility  be  planned  for  the  system  and  that  the  growth  potential  of  the  system  anticipate 
the  high  probability  of  continuing  evolution  of  the  data  requirements. 

•  Agency  representatives  have  demonstrated  a  willingness  and 
ability  to  estimate  the  relative  importance  to  their  operational  missions 
of  parameters  and  observing  layers  as  part  of  the  continued  refinement 
of  data  requirements.  A  more  intensive  program  to  develop  and  exploit 
quantified  ratings  of  this  type  should  bo  undertaken. 


The  first  attempt  to  obtain  parameter  and  layer  relative  value  estimates  from 
four  operational  agencies  -  ESSA,  BCF,  U.  S.  Navy  and  U.  S.  Coast  Guard  -  was 
successful.  The  results  of  these  estimates  from  each  agency  have  been  combined  to 
give  average  relative  values  for  parameters  and  layers  (see  Section  5. 0).  Layer  and 
parameter  products  were  formed  to  show  the  relative  importance  of  parameters  in 


flayers.  -  Review  df  the  relative  value  estimates  obtained  from  the  agencies  suggests 
that  some  changes  in  the  statements  of  refined  data  requirements  may  be  in  order. 

No  information  was  solicited  for  the  relative  importance  to  the  nation  of  the  various 
missions  of  these  agencies.  It  is  clear,  therefore,  that  value  estimates  can  be  made 
by  the  agencies;  it  would  appear  that  the  next  step  might  logically  be  determination  of 
the  worth  to  the  nation  of  agency  missions  in  the  marine  environment. 


6. 2  Possible  Sensing  Characteristics  for  NDBS 

One  fact  becomes  obvious  from  studying  the  data  requirements  and  their  role 
as  a  basis  for  national  data-buoy  system  planning  and  development;  Requirements 
will  be  better  understood  and  better  specified  when  adequate  data  from  the  marine 
environment  become  available  for  use.  Therefore,  the  implementation  and  operation 
of  an  early  U.S.  marine  data  at  piisition  system  to  obtain  the  needed  data  is  highly 
desirable.  The  remainder  of  this  section  provides  conclusions  relative  to  the  potential 
contribution  of  the  NDBS  in  satisfying  many  of  the  stated  data  requirements.  Concen¬ 
tration  is  placed  on  those  parameters  that  tentatively  have  been  judged  to  be  important 
and  might  be  satisfied  by  the  NDBS.  The  final  determination  of  what  requirements 
will  ultimately  be  met  by  the  entire  U.  S.  marine  data  acquisition  system— of  which  the 
NDBS  is  to  be  but  one  element— will  have  to  be  resolved  by  future  detailed  studies  of 
total  system  cost  effectiveness  and  relative  worth  to  the  nation.  ~ 

6.  2. 1  Possible  DO  and  CNA  Parameters 

•  The  twenty  parameters  (Table  6-1)  and  their  measurement 
characteristics  tentatively  proposed  for  inclusion  in  the  NDBS  during  the 
assessment  of  refined  data  requirements  (Appendix  IV)  appear  to  be 
generally  acceptable  to  the  agencies.  They  are  suggested  as  representative 
of  the  basic  sensing  characteristics  of  a  future  DO  or  CNA  NDBS. 

Inclusion  of  some  additional  parameters  of  high  common  need  appears 


indicated.  Development  of  new  sensing  capabilities  for  the  additional 
parameters  (e.g.  ,  upper  air  parameters)  appears  worthy  of  further 
consideration. 

_____ .  . .  TABLE  6-1 

TWENTY  BASIC  PARAMETERS  SUGGESTED  TO  BE 
REPRESENTATIVE  OF  POSSIBLE  INITIAL  NDBS 
SENSING  CHARACTERISTICS 


Meteorological 

1. 

Air  temperature 

5. 

Insolation 

2. 

Atmospheric  electricity 

6. 

Precipitation  rate 

3. 

Atmospheric  pressure 

7. 

Wind  direction 

4. 

Dew  point 

8. 

Wind  speed 

Oceanographic 

1. 

Ambient  light 

7. 

Transparency 

2. 

Ambient  noise 

8. 

Water  pressure  (depth) 

3. 

Current  direction 

9. 

Water  temperature 

4, 

Current  speed 

10. 

Wave  and  swell  direction 

5. 

Salinity 

11. 

Wave  and  swell  height 

6. 

Sound  speed 

12. 

Wave  and  swell  period 

During  the  1968  analysis  of  refined  data  requirements,  it  became  increasingly 
apparent  that  the  required  parameters  did  not  all  have  the  same  general  applicability 
or  equal  importance,  because  of  the  wide  variety  of  missions  involved.  ~  The  possibility 
of  measuring  certain  parameters  from  unattended  buoys  appeared  rather  remote. 

It  was  suggested  early  in  the  analysis  that  the  total  number  of  parameters  tentatively 
suggested  for  an  NDBS  (Table  4-2)  could  be  sharply  reduced  by  using  the  selection 
criterion  of  common  requirements  among  the  agencies  for  the  parameters  judged 
measurable  from  buoys.  Consideration  of  commonality  of  refined  DO  requirements, 
however,  led  to  the  obvious  need  in  an  initial  NDBS  for  the  20  "system"  parameters, 
plus  total  cloud  amount,  upper  air  sounding  data,  and  visibility.  The  counterpart 
"system"  for  the  CNA  region  incorporated,  for  general  requirements,  standard 
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upper-air  sounding  data  and  15  of  the  20  "system"  parameters'  (exceptions:  ambient 
light,  ambient  noise ,  atmospheric  electricity,  insolation  and  xansparency).  All 
"system"  parameters,  except  ambient  noise,  were  required  fin  significant  portion 
of  the  CNA  region.  There  were  additional  parameter  requirements  in  specified  areas 
of  limited  size.  Of  course,  the  final  decision  of  which  parameter  requirements  will  be 
met  by  the  NDBS  will  have  to  be  justified  on  the  basis  of  further  cost-effect’veness 
studies  that  will  also  consider  the  feasibility  of  developments  to  meet  sensor  capability 
requirements.  In  turn,  all  such  results  ol  analyses  will  have  to  be  weighted  by  the 

i  • 

value  to  the  nation  of  each  agency’s  mission.  This  important  Inal  step  has  not  yet 
been  undertaken.  I 

Another  way  of  relating  Leeded  WDBS  capabilities  to  marine  data  collection  re¬ 
quirements  can  be  approached  by  reviewing  the  projected  5-ye&r  buoy  SOA.  The  1967 
statements  of  data  requirements  (Table  2-2)  indicated  there  were  81  different  param¬ 
eters  (or  groups  of  parameters)  of  which  29  were  judged  in  1967  to  be  beyond  the  5- 
year  buoy  SOA.  Of  the  remaining  52  parameters,  9  were  considered  to  be  secondary 


(or  derived)  parameters.  Of  the  remaining  43  primary  parameters  measureable  by 
buoys,  6  were  considered  to  be  better  measured  from  some  non-buoy  platform,  and 
the  obtaining  of  an  observation  from  a  data  buoy  for  17  additior  al  parameters  was  con¬ 
sidered  to  have  potential  technical  development  problems  associated  with  it.  This  left 
the  20  parameters  which,  In  this  effort,  have  been  called  the  tentatively  proposed 
"system"  parameters,  The^e  are  judged  to  be  measurable  frotn  buoys  using  sensing 
equipment  that  can  be  developed  within  5  years  or  less  to  have  all  the  desired  char¬ 
acteristics  (range,  accuracy,  reliability,  etc.).  These  20  basic  and  important  re¬ 
quired  parameters  judged  measurable  from  an  NDBS  buoy  are  given  in  Table  6-1. 

Of  course,  the  data  requirements  dictate  the  need  for  moire  parameters  than 
the  20  in  Table  6-1.  (These  additional  parameters  are  given  in  Table  4-2;  they  include 
total  cloud  amount,  upper  air  soundings,  visibility,  etc.).  All  existing  (and  potential) 
required  parameters  will  have  to  be  considered  on  the  basis  of  continued  interaction 
with  the  agencies,  the  results  of  detailed  cost-effectiveness  studies  including  platforms 
other  than  buoys,  further  investigation  of  relative  values,  and  benefits  from  data  use. 
All  facets  of  this  study  substantiate  the  conclusion  that  the  20  pivameters  in  Table  6-1 
are  likely  candidates  for  inclusion  in  an  early  NDBS. 
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6. 2.  2  Possible  DO  and  CNA  Initial  Buoy  Locations 

•  Horizontal  spaclngs  for  Deep  Ocean  buoy  networks  of  600  n  ml 
and  Coastal  North  America  network  spaclngs  of  100  to  150  n  ml  appear 
to  be  generally  acceptable  for  an  initial  NDBS  and  appear  to  serve  the 
stated  needs  of  many  activities.  A  total  of  261  DO  and  279  CNA  data 
buoys  would  be  needed  to  satisfy  these  horizontal  spacing  requirements 
from  60°N  to  60°S. 

The  20  DO  and  CNA  parameters  discussed  in  the  previous  section  may  ultimately 
be  joined  by  more  parameters,  through  additional  studies  and  negotiations  with  in¬ 
dividual  agencies.  But  it  will  be  necessary  to  do  more  than  merely  define  the  "what" 
and  the  "how"  of  meeting  the  DO  and  CNA  data  requirements;  the  specifics  of  "where" 
are  also  important,  especially  in  regard  to  system  costs  for  initial  implementation. 

It  is  almost  axiomatic  that  specific  data  observing  locations  should  be  resolved  to  meet 
the  needs  of  a  large  majority  of  the  users,  for  then  other  sensors  can  be  added  to  the 
buoys,  increasing  the  system  sensing  capability  as  the  nesd  (or  ability)  to  measure 
more  parameters  arises. 

The  geographical  area  from  which  data  were  required  and  the  required  hori¬ 
zontal  spacing  of  observation  sites  were  specified  in  the  measurement  characteristics 
of  the  refined  data  requirements  analyzed  in  this  study.  Specifically,  this  study  has 
delineated  locations  where  observation  sites  (buoys)  would  appear  to  satisfy  combined 
requirements  for  data  collection.  In  a  few  cases,  specific  locations  were  stated  in 
the  data  requirements  but,  in  general;  the  requirements  indicated  only  a  geographic 
area,  such  as  the  ice  patrol  region  or  the  world's  oceans  between  50°N  and  60°S 
latitude.  Thus, for  lack  of  more  specific  guidance  from  the  statements  of  requirements , 
the  task  of  selecting  observing  sites  that  would  satisfy  the  largest  number  of  observa¬ 
tion  requirements  was  undertaken  as  part  of  the  general  assessment  of  refined  1968 
requirements.  For  the  few  observing  locations  specified  in  the  agency  requirements, 
it  was  usually  possible  to  identify  commonality  of  other  requirements  at  the  specified 
locations.  The  general  areas  of  data  interests  of  each  operational  activity  and  the 
number  of  required  buoys  that  are  shown  in  the  charts  in  Appendix  III,  part  A  were 
collapeed  into  the  charts  of  Fig.  4-4  (A-M).  These  show  the  tentative  buoy  sites  for 


all  the  refined  national  operational  data  requirements  in  the  thirteen  Modular  Deploy¬ 
ment  Zones.  The  refined  research  data  requirements  were  also  assessed  in  relation¬ 
ship  to  the  tentatively  proposed  "system'*  buoy  sites  indicated  in  Fig.  4-4. 

In  this  list  of  conclusions,  stress  is  placed  on  delineating  where  observation 
sites  might  be  located  and  demonstrating  for  this  outlined  tentative  "system"  network 
of  buoys  applicability  to  the  observational  spacing  specified  in  the  combined  opera¬ 
tional  and  research  marine  data  requirements.  Table  6-2  illustrates  the  applicability 
of  the  "system"  network  of  buoys  to  the  national  requirements  (as  •’■nderstood  at  this 
time)  and  the  distribution  of  requirements  for  observations  by  the  various  agencies 
at  "system"  network  sites.  The  total  requirements  for  observations  at  tentatively 
proposed  "system"  sites  are  listed  for  each  of  the  13  DO  and  CNA  MDZs  in  the 
"Total  Rqti  . . column  of  Table  6-2.  These  are  the  sum  of  the  requirements  from 
each  pertinent  AMO  without  elimination  of  redundancy  by  common  use  of  a  "system" 
buoy  site.  Thus,  there  are  330  total  observational  requirements  for  Observations  at 
sites  in  the  North  Atlantic  DO  MDZ,  but  only  38  sites  are  needed  to  satisfy  these.  All 
of  these  sites  satisfy  7  to  12  observational  requirements.  For  example,  in  the  third 
column  of  requirements  distribution  for  the  NA  MDZ,  the  entry  "9"  indicates  there 

■;  y  _ 

are  nine  "system"  buoy  sites  that  each  satisfy  seven  different  requirements  for  ob¬ 
servations.  There  are  1,893  requirements  among  all  MDZs  in  the  DO  and  a  corres¬ 
ponding  sum  of  1,353  among  all  CNA  MDZs.  The  distribution  of  these  at  "system" 
network  buoy  sites  is  made  clear  in  Table  6-2.  For  the  DO,  the  1,893  total  require¬ 
ments  for  observations  at  sites  are  met  at  261  "system"  buoy  sites  supporting  5  to  15 
different  requirements  at  each  site.  In  the  CNA,  1,353  requirements  are  satisfied  by 

279  J'system"-sites7-each-supporting  2  to-m different  observational  requirements; - 

Thus,  a  7:1  average  ratio  of  (operational  plus  research)  requirements-for-observa- 
tions-at-sites  to  "system"  observational  sites  is  achieved  in  the  Deep  Ocean  MDZs, 
and  approximately  a  5:1  average  ratio  of  requirements  to  "system"  sites  is  established 
in  die  Coastal  North  America  MDZs.  This  high  degree  of  utilization  of  data  buoy 
sensor  platforms  Is  accomplished  through  the  use  of  540  buoys:  261  in  the  Deep 
Oceans  and  279  in  the  Coastal  North  America  region.  This  delineation  of  the  multiple 
use  of  the  tentatively  proposed  buoy  sites  for  a  possible  initial  NDBS  demonstrates 
the  applicability  of  the  tentatively  proposed  "system".  The  tentatively  proposed  DO 
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TABLE  6-2 

NUMBER  OF  "SYSTEM”  OBSERVATION  SITES  REQUIRED  FOR  NATIONAL  REFINED 
OPERATIONAL  AND  RESEARCH  DATA  REQUIREMENTS 


A.  Deep  Ocean 


MDZ  - 

Total* 

Distribution  ol  Requirements 
at  "System"  Observation  Sites 

Total 

Sites 

Req'd 

(buoys) 

for  Ob  s 
at  Sites 

5 

Rqts 

6 

Rqts 

7 

Rqts 

8 

Rqts 

9 

Rqts 

10 

Rqts 

11 

Rqts 

12 

Rqts 

13 

Rqts 

14 

Rqts 

15 

Rqts 

NA 

330 

9 

11 

6 

8 

3 

1 

38 

NPS 

413 

• 

. 

2 

10 

8 

8 

3 

3 

2 

36 

NPW 

314 

8 

5 

8 

9 

4 

1 

35 

SA 

175 

23 

TO 

33 

SPE 

306 

20 

S 

16 

8 

49 

SPW 

180 

30 

5 

35 

IND 

175 

35 

• 

35 

Total 

1893 

ioe 

20 

33 

24 

16 

27 

15 

10 

3 

3 

2 

261 

B.  Coastal  North  America 


MDZ 

Total 
Rqts 
for  Obs 
at  Sites 

Distribution  of  Requirements 
at  ’System"  Observation  Sites 

Total 

Sites 

Req’d 

(buoys) 

2 

Rqts 

3 

Rqts 

4 

Rqts 

5 

Rqts 

6 

Rqts 

7 

Rqts 

8 

Rqts 

9 

Rqts 

10 

Rqts 

GB 

183 

4 

8 

16 

9 

2 

2 

2 

43 

EC 

218 

7 

9 

5 

9 

8 

8 

1 

47 

GM 

273 

4 

20 

11 

12 

4 

2 

1 

54 

MC 

157 

9 

13 

7 

6 

1 

36 

WC 

280 

ii ; 

17  . 

12  .  _ 

10 

-1 

—---51 . — 

GA 

242 

7 

11 

10 

13 

7 

48 

Total 

1353 

11 

37 

76 

63 

53 

32 

5 

1 

1 

279 

♦Common  application  of  a  "system"  network  site  to  more  than  one  set  (AMO)  of  data  require¬ 
ments  has  not  been  considered  in  this  column. 
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and  CNA  networks  of  buoys  meet  the  requirements  of  most  of  the  operational  and 
research  activities  submitting  statements  of  refined  data  requirements  in  1968  or 
initial  data  requirements  in  1967. 

Details  of  the  multiple  use  of  each. buoy  site  for  operational  and  for  research 
requirements  are  presented  in  the  13  maps  of  Fig.  6-1  (A-M).*  These  maps  show 
approximate  observation  sites  for  tentatively  proposed  initial  NDBS  networks  for  each 
of  the  13  MDZs.  While  it  is  clearly  recognized  that  all  NDBS  operational  sites  must 
be  coordinated  and  approved  by  the  agencies,  it  is  believed  that  the  maps  in  Fig.  6-1 
will  serve  as  a  basis  for  stimulating  discussion  among  agencies  and  throughout  the 
community  of  research  and  operational  data  users.  Figures  6-2  and  6-3  show  the 
"system"  networks  of  observation  sites  in  the  complete  CNA  and  DO  regions.  These 
networks  are  representative  of  a  possible  future  NDBS. 


*At  each  observation  site  (buoy),  he  number  of  operational  requirements  for 
observations  at  the  site  is  given,  followed  by  the  comparable  number  of  research  re¬ 
quirements:  e.g. ,  8(2) implies  8  operational  and  2  research  requirements  for  observ.'. 
tions  at  that  site. 


136 


Legend: 

a)  "8(2)"  Equals  8  Operational  and  2  Research  Requirements 


for  Observations  at  Site 
b)  Total  Sites  =  43 


Fig.  6-1A.  Distribution  in  Grand  Banks  MDZ  of  refined  operational  and  research 
national  data  requirements  at  observational  sites 
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”8(2)"  Equals  8  Operational  and  2  Research  Requirements 


Fig.  6-1E.  Distribution  in  West  Coast  MDZ  of  rofbied  operational  and 
national  data  requirements  at  observational  sites. 


Legend: 

a)  "8(2)"  Equals  8  Operational  and  2  Research  Requirements 


for  Observations  at  Site 
b)  Total  Sites  =  48 


Fig.  6-1F.  Distribution  in  Gulf  of  Alaska  MDZ  of  refined  operational  and  research 


national  data  requirements  at  observational  sites. 
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research 


Equals  8  Operational  and  2  Research  Requirements  for  Observations 


Distribution  in  North  Pacific  East  MDZ  of  refined  operational  and 
research  national  data  requirements  at  observational  sites. 


“8(2)”  Equals  8  Operational  and  2  Research  Requirements  for  Observations  at  Site. 
Total  Sites  =  35 


Fig.  6-11.  Distribution  in  North  Pacific  West  MDZ  ox  refined  operational  and  research 
i  '  national  data  requirements  at  observational  sites. 


8  Operational  and  2  Research  Requirements  for  Observations  at  Site 


Distribution  in  South  , Pacific  West  MDZ  of  refined  operational  and  research 
national  data  requirements  at  observational  sites. 


Legend: 

a)  ”8(2)"  Equals  8  Operational  and  2  Research  Requirements 
for  Observations  at  Site 


Fig.  6-1M.  Distribution  in  Indian  Ocean  MDZ  of  refined  operational  and  research 
national  data  requirements  at  observational  sites. 
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F!j.  t-3-  The  hypothetic*!  “Syitem"  network  of  ofeservition  elte*  (261  bucyei  for  the  DO  region. 


7.  0  RECOMMENDATIONS  FOR  FUBTHER  STUDY 

This  1968  effort  to  refine  the  statements  of  data  requirements  contributed 
significantly  to  the  understanding  of  national  requirements  for  marine  meteorological 
and  oceanographic  data  as  of  mid-1968.  It  is  recognized  that  data  requirements  will 
evolve  with  time  as  new  operations  and  data  uses  evolve.  Activities  requiring  marine 

i 

environmental  data  have  never  had  adequate  d&ta;  therefore,  understanding  of  require¬ 
ments  for  data  will  evolve  as  more  and  better  data  become  available,  problems  come 
under  ever  closer  scrutiny,  and  more  problems  in  data  use  are  better  understood. 

Until  now,  all  stated  data  requirements  discussed  in  this  report  have  been  considered 
of  equal  importance.  Continuing  efforts  to  establish  estimates,  by  the  users,  of  the 
relative  value  or  worth  of  the  parameters  represent  the  beginning  of  a  more  sophisti¬ 
cated  analytical  approach  in  this  important  area.  A  constantly  evolving  approach 
seeking  to  establish  and  improve  a  firm  data  requirements  base  is  needed  as  a  foun¬ 
dation  for  the  continuing  system  planning  and  development  responsibility  of  the  U.S. 
Coast  Guard  NDBS  DPO.  The  recommendations  listed  below  are  for  near-term 
studies  to  clarify  certain  remaining  problems  in  the  data  requirements  area  in  order 
to  develop  sound,  adequate  data  bases  for  forthcoming  NDBS  planning  and  development 
efforts. 

(1)  The  agencies'  efforts  to  estimate  relative  values  of  parameters 
indicated,  as  expected,  that  parameters  and  observing  layers  requested 
by  the  various  agencies  are  not  all  of  equal  importance.  It  is  important, 
therefore,  to  extend  this  work  in  a  quantitative  fashion,  to  achieve  an 
estimation  of  the  system  worth  of  the  various  data  requirements.  By 
relating  requirements  to  costs  and  benefits,  the  advisability  of  various 
options  or  trade-offs  can  be  established  in  cooperation  with  the  relevant 
government  agencies.  In  particular,  this  will  provide  further  guidance 
on  such  planning  and  development  problems  as  buoy  hull  shape  and 
size,  maintenance  cycle,  and  sensor  development 

(2)  To  acquire  further  information  about  data  requirements, 
pertinent  agencies  should  be  solicited  for  statements  of  requirements 
pertaining  to  data  buoy  systems,  following  the  general  format  of  the 
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Tentative  Specific  Operational  Requirements  (TSOR).  The  Naval  Air 
Systems  Command  has  alreacfy  produced  a  TSOR  for  their  operational 
requirements.  Undertaking  to  use  the  TSORs  would  encourage  other 
agencies  to  establish  rationales  for  their  mission-operations,  data  usi , 
and  data  requirements.  Also,  agencies  would  be  required  to  specify 
deficiencies  of  the  present  system  and  requirements  for  system  en¬ 
hancement  or  new  efforts  to  meet  marine  environmental  data  require¬ 
ments.  The  comparative  analysis  of  Information  gained  from  the 
preparation  of  TSORs  by  the  agencies  would  help  in  the  effort  to  estab¬ 
lish  the  relative  urgency  of  agency  data  requirements  on  a  national  basis. 

(3)  The  national  data  requirements  for  the  Great  Lakes  and  Near- 
Shore  and  Estuaries  (GL  L  NSAE)  should  bo  established  and  analyzed  in 
the  same  detail  as  for  the  DO  and  CNA  regions.  Some  information  has 
been  obtained  (e.g. ,  from  FWPCA)  but  the  details  of  the  requirements 
are  not  yet  sufficiently  specified  for  development  planning  purposes. 

Each  of  these  regions  has  unique  problems  and  specialized  fine-  scale 
requirements  that  warrant  considerable  additional  analysis.  Required 
parameters,  measurement  characteristics,  and  estimates  of  relative 
values  and  system  worth  of  the  parameter  and  measurement  require¬ 
ments  for  the  GL  &  NSAE  need  to  be  obtained.  Properly  established 
data  requirements  would  serve  as  a  valid  data  base  for  the  systems 
analysis,  cost-effectiveness,  interface  and  trade-off  studies  required 
for  fee  GL  &  NSAE  NDBS  development  and  its  relationship  to  the  NDBS 
for  DO  and  CNA. 

(4)  Meetings  should  be  planned  and  conducted  annually  to  keep  all 
potential  marine  environmental  data  users  aware  of  NDBS  development, 
approach,  and  progress,  and  to  assure  that  development  is  based  on  the 
evolving  best  understanding  of  requirements.  The  next  meeting  should 
he  held  in  fee  spring  of  1369,  for  fee  purpose  of  attacking  certain  signi¬ 
ficant  problems  that  are  still  unresolved.  At  each  meeting,  fee  status 
and  validity  of  the  whole  realm  of  marine  data  requirements  should  be 
reviewed.  These  should  be  meetings  with  actual  working  sessions 
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involving  participation  of  agency  representatives  and  other  marine  data 
users.  Invited  papers  and  panel  disci! ssions  by  experts  would  also  be 
help  fill  in  highlighting  significant  problem  areas.  Summary  Working 
Groups  might  prepare  summaries  and  conclusions  drawn  from  topics 
discussed.  This  approach  would  serve  to  obtain  a  consensus  of  opinion 
from  the  marine  data  users  of  the  successes  and  deficiencies  of  data 
requirements  analyses  and  assessments  and  the  applicability  of  NDBS 
development  accomplishments  and  plans.  Close  and  continuing  involve¬ 
ment  of  NDBS  developers  with  organizations  having  requirements  and 
uses  for  marine  environmental  data  is  considered  necessary. 
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eological  and  radiological  na 


s  o cenus  xron  the  ocean  bottom  to  100,000  xeet  In  the  etmosohere*  The  cste 
requirenents  are  projected  from  the  present  to  as  far  as.  15  years  into  the  future. 

The  study  presents  a  subset  of  20  parameters  suggested  as  being  representative  of 
the  basic  sensing  characteristics  of  a  future  deep  ocean  or  coastal  North  American 
National  Data  Buoy  Systems.  Estimates  of  relative  values  of  parameters  and 
observing  layers  are  also  included  in  this  study  as  part  of  the  documentation  of 
tne  ongoing  eirort  to  provide  a  base  for  the  assessment  of  hypothetical  technically 
feasible  sensing  characteristics  within  the  5  year  state-of-the-art./  ■ 
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